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Oui-s is pre-emiaently the manufacturing nation, 
and knowledge of the pi-oper and economical pro- 
duction and application of power ja of vital impor- 
tance to all. Yet in this important line there Bcem 
to be no sources of thorough every-day ioformation, 
generally available by the ones most interested — 
those who pay the bills and who reap the benefits or 
snffer the losses consequent on good or bad construc- 
tion and operation of the manufacturing plant. 

The principal barrier between bill-payiDg power- 
users and a proper understanding of the principles 
governing the motive power of all classes of manu- 
facture has been the highly technical character of the 
literature on the subject, not excepting even the 
special industrial periodicals, which are many and. 
exceVeot- The information therevu (^-aVwa^^- '« 



geuerally of a character entirely uiiQtted for the un- 
derstanding of the " iiou-practical " man, as be iii 
called, and coiicbed in a style utterly uuiutelligiUe 
not only to the non-professionat omplojer but to iae 
most trusted lieutenants. To use a homely illustra- 
tion, " Tlie fodder is too high for the sheep." 

It is in recog'uition of these patent facts that I have 
undertaken to give in plain, cvery-day English a 
series of memoranda, showing my readers not only 
the principal sources of loss, danger, atid inconveu- 
ience in power-using, but the means of prevcntiug 
the same. 

These memoranda embrace hints and pointers (as 
to the power) concerning the entire establishment, 
from ash-pit to exhaust-lioad, and will point out the 
good and tlie bad features of which an esjiert's experi- 
ence in applying power and in helping and advising 
iwwer-usera in a wide range of lines of manufacture, 
and over an extended field of observation and opera- 
tion, enables me to judge. 

Tliese common-sense talks, embodying over twenty- 
live years' study and practical esperience, should be 
found interesting and instructive to mill-owner, man- 
furer, rajli-oad magnate, Bteav(i\ioD.lvi\o,iia^ftv, and. 
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PREFACE. XIU 

in fact, to all those who have in any way to do with 
the generation, transmission and application of 
power. 

I should he very glad to have power-users all over 
the country consult me in detail at any time as to 
designs and plans for new power-plants, or improve- 
ments in old ones. 

ROBERT GRIMSHAW. 
21 Park Row, Kew York, 




True Source of Profit. 

True pi-ofit in any business lies in reduciug ex- 
penses rather than iu increasing gross receipts. There 
are very few manufacturing establisliments in which 
there are not important leaks, the stoppage of which 
■would yield a profit without any other change being 
made in the managGmeut of the business. This is 
especially true in those establishments in wliich power 
is used, and more so, of course, in those in wliich the 
cost of power forms a considei-able percentage of the 
total cost of production, than in those in which the 
power bears a small proportion to the other items of M 
coat. This percentage generally reaches tlie highest I 
in the case of manufacturers employing steam • and it ' 
is to such that I shall in great part address myself. I 
shall endeavor to give the result of my own and 
others' experience iu generating, transmitting, and 
applying power, and to put what I shall have to say 
United States," so that tke Y^w^-rtfi^iK ■^^^^ 
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be able to understand it as well as those do who are 

supposed to be "up" in engineering language and 

practice. 

Various Sources of Loss- 
Losses which occur in power-using may be divided 

into several classes, any one of which may take plaoe . 
with little or no influence by or upon those in any of 
the other classes. They may be in tlie generation of 
the powei-, in its transmission, or in its application. 
They may be connected with the boiler and its appur- 
tenances'; with the engine and its attachmenta ; with 
water wheel, wind mill, or electric motor; with the 
shafting or other means of transmission. They may 
be caused by impi'oper or insufficient appliances, by 
wrong setting thereof, or improper care and use. 

Leaks of money are not so apparent as those of 
water or of steam. They may take place right under 
the nose of the proprietoi', or even of tlie engineer, 
who may be letting value runaway faster than by 
any material leak likely to take place. 

Money may be wasted by paying either too much 
or too little in the pui^chasc of the appliances. If there 
is waste in first cost it is irrevocable, appearing yearly 
under the various items of interest, depreciation, taxes, 
and insurance, and perhaps under that of repairs also. 
It may even affect the item of wag^. 
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"What Does Steam Do for Us 7 

There are few of us who reflect often enough, or suf- 
fieieiitiy, as to just wliat steam tloea for us. We calJ 
tiiis the age of steam and let it go at that ; just as 
we call ourselves Christians, or Eepuhlicans, and all 
that, and never hother mucli about why, or to what 
extent we ouglit to devote a little time once in a great 
while, if not oftener, to thinking over just liow useful 
steam is to as ; how versatile; how strong; how will- 
ing; how unwearying. 

It is oup beast of burden. It takes ourselves and 
our goods upon its broad back and with the ponderous 
strength of the elephant and more than the speed of the 
race-horse, carries us or our property from Dan to Beer- 
Bheba without losing breath or stumbling the while. 

It is our draft animal. It draws cumbrous coaches, 
which are veritable palaces, upon highways which are 
smooth as the Neva's frozen flood. It tb'aws behind it 
the population of a village, and the wealth of a prov- 
ince. It is our serf and slave, sti-ong-armed and easily 
bidden, hewing down forests, moving huge trunks, 
sawing and planing them, with the furious, tireless 
energy of a madman, and the wondrous skill of the 
trained artisan. 

It is our miller, making of the wheat and com 
which it cuts and carries bread £t for a moQ&T<it^'% 
table. It is our weaver, spinGiag aai ■we'a.'i\vi.^ '^* 
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fabrics which we wear. It is our miner, bringing 
from tlie bowels of the earth tlieir treasures, gems, 
fuels, and metals many, for our daily use, comfort, 
adornment. 

It is our peace-maker ; bringing distant provinoes 
near, and abolishing natural laud- marks and dlTisions. 
It abridges distance, annihilates time. 

But whether we style it our slave or our chai^r. 
our beast of bm-den or our gnome-like searcher for 
natui'e's valuables, wa must treat him, her, or it prop- 
erly, We must remember, in dealing with it, the 
motto, " Suaoiier in modo, fortiter in re," 

If it breaks or tears, maims or kills, it is our own 
fault. We should curb it. Its temper is uncertain. 
It is liable at any time to assert itself; and if at such 
times it does not meet with prompt and effective 
opposition, the servant becomes the master and it 
rends aud ruins. 

Wliat Should a Boiler Be? ^M 

la considering the points of a horse, any one who it 
well posted will tell you at once that lie should havia 
a wide forehead, fine muzzle, large nostrils, oblique 
shoulder blade, long and muscular foi'e-urni, broad 
nose, flat cannon-bones, deep chest, short back, etc., 
etc., eto. Every liorse lover has the good points of s 
down fine." Yet ',v\t\\ bv\c\\. a\\ \iw)art»nt 
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matter as a boiler, vLo knows the desirable points or 
can repeat them oif-hand ? 

But the desiderata of a boiler have been or can be 
formulated, and it should be interesting to note what 
they are. 

In the fiist place it should be safe. Then it slioiild 
besimple; convenient togetat, around, and into; easy 
to handle and to repair ; compact ; quick to steam ; 
constant in its circulation, and steady, too ; free from 
smoke ; able to work with any kind of water, good, 
bad, or mdifferent ; a dry steamer ; and of course 
economical of fuel. In order to be all these things, 
the heating surface must be so arranged as to best 
take the heat from the gases of combustion and so as 
also to let the steam which isgenerated get away from 
those surfaces as rapidly as possible. It must be strong 
enough to stand any pressure that can be got up in it 
by fair means ; and should have a safety valve which 
will let off all the sleam that can be generated in it, 
even if none is being drawn off. There must be no 
place where unequal expansion will make the boiler 
its own enemy. It must be saving of fuel not only at 
some one rate of steam production, but at the regular 
rated capacity ; and while it cannot he expected that 
a boiler will do as well with bad fuel, bad water, and 
bad firing as with all of these three good, it must be 
economical with all three bad. 

Eaajour boiler all these po'mtal 
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•'Danger Above." 

Those of us who have watched the hoisting of a 
heavy safe or tlie demolition of a large huildiug have 
sometimes been amused by the sigu whicli is put upon 
the sidewalk to warn passers-by : 



for just what the danger can be auywhere except 
below has not yet been disclosed. 



But the s 
have imagined, 
fact that there it 
the steam boiler 
s every o 



3 often much more right than we 
Just where it stands, it is often the 
ia dangev above. The danger is from 
mderneath Oie sidewalk ; which 
i above it ; because such boilers 
are in places where they cannot be inspected properly 
or repaired rightly, and the amount of force which 
they have stored in them, and which is likely to 
be let loose in the twinkling of an eye, is almost 
incredible. 

A common sixty-horse tubular boiler, fall of ateam 
and hot water at seventy-five pounds per square inch, 
storesBl, 000,000 footpounds of energy, of which but 
four per cent, is in the steam ; and this is enough 
to drive the boiler just about one mile into the 
air, with an initial velocity of nearly 600 feet per - 
second. 



U 



HINTS TO POWER U8EEIB. 21 

Suppose that one of these were to let go just about 
the time when jou passed over it I The old lines of 
Casabiiinca, 

There came a tiurst of tliuuder Boimd ; 
The boy ! — oh, where was he ? I 

might appl7,with but sufficient variation to make the 
age^and perhaps the sex — riglit. 

One of the cai-dioal principles of boiler-setting 
should be to Lave everything in sight, or plainly get- 
at-able ; so that if anything wrong occurs it eliall be 
detected at once by inspection ; and if it takes place, 
it may be properly and promptly fixed. 

But some cases have been put upon, record where 
boilers underneath the sidewalk liave been left with 
the safety valve fastened down by a piece of wood 
between the lever and the arch overhead ; others, 
where corrosions have been going on for months with- 
out being detected \ and in others again the gauge 
can hardly be seen with the aid of a torch. 

Of course, in a great city like New York land i 
dear ; and sometimes it cannot be bought at any price 
and boilers must go under the sidewalk. In such 
cases there should be a law tltat there sliould be 
bright illumination not only attainable but kept up 
during all hours during which steam pressure is on, 
80 that the danger from darkness may te less/sweA., 

But litis alone ia not enoiig\i, IVeta ^o'vivi- ^ 
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laws preventiDg the use of the dangerous types of 
boilers wiiicli are so largely used ; boilers which, if an 
explosion takes place, will wreck the entire building 
under or near which they are placed. There are 
several kinds of steam generators, both patented and 
unpatented, in which if any part gives way all the 
damage that iadone to the boiler itself is merely local, 
while no harm can be done to the surroundings, the 
escape of steam from the ruptured surface being 
gi-adual and not violent. 

A man has no more right to have a dangerous type 
of boiler under bis sidewalk, or to keep a compara- 
tively safe boiler in the dark, than he has to leave a 
loaded gun around where it is liable to be meddled 
with. 

The law should take hold of this matter ; and those 
whose duty is to enforce the law should see that we 
are made safe. 



I 



Boiler Explosions. ^^ 

Whenever a boiler "lets go of itself "—and this 
happens pretty often in these days of high pressure — 
we are interested for a while In the question of holler 
explosions ; what they are and what causes them. 
Then wo subside and wait until some particularly 
horrible case of loss of life and of damage to property 
Caies place, whoa we open outout \'m\aQl'«ra.tt.iu\d 
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eniMll our interest in the subject of aafo boilei-a and 
safe metliods of handling them, 

Tliere must be recognized a difFerence between ex- 
plosion and mere bursting. The former implies that 
there is a report and very Tiolent rupture of the 
boiler, while the latter may be merely a splitting or a 
cracking sufficient to let the steam escape gradually. 
The tirst works damage to the boiler itself, generally 
completely wrecking it. The second does not and 
may not put it out of service much longer than is 
required to cool it down and fire up again. (Witli 
some kinds of boiler — those which steam rapidly and 
early — this delay is particularly slight). Explosion 
is very apt to work damage to surrounding property ; 
more bursting or ruptura without noise is not at all 

Thete are a great many reasons why boilers ex- 
plode, and they are quite well enough known. It is 
not, however, found that the knowledge thereof 
makes people any more careful of boilers put under 
their. charge, nor much more fearful of those which 
are in positions where they are likely to work injury 
and destruction to life and pixiperty. It is said that ^ 
" familiarity breeds contempt," and this is in a great 
measure true of steam. We know its great force 
and use it daily ; we consider it as a giant who has 
immense strength and a very uiicevtaiw. \fe\&'^e:t ,\.vA. 
witii whom file chances are tUatwa dciafi ■aw'v. "Niw^vj 
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trouble ng'lit away. We intend, after we think thl 
our good luck has nearly run out, to commence to 
take precautions, so that we shall not be caught nap- 
ping. But we get caught at last ; whether napping 
OP not, it makes but little difference, if a man goes 
to sleep in tbia world and wakes up in the other, he is 
not much better off than if he is hurled from this one 
in a waking condition. 

It might be about as well to name some of the 
causes wliy boilers explode and work damage. 

Amon^ them may be put, firat, weakness of struc- 
ture or design. That we eliould be able to control. 
"We cannot make men careful, but we can, if they 
are making things which are known to be dangerous, 
prevent tbem from doing harm by that special form 
of design or method of construction which we know 
and have proved to be dangerous. Tliat is, we can 
refuse to buy boilers which are dangerous, and we 
can also legislate so as to prevent others from risking 
our lives and property. 

Safety valves stick. It is probable that they always 
will stick so long as their action depends upon the 
voluntary action of some one man or set of men. 
About the only thing that we can do (for we cannot 
legislate human nature out of existence) ia to make 
things so that if the safety valve is oven plugged up 
v fastened down the boiler cannot do anything more 
K'g'erous thaa just to split in KOTae^SLCAin dC&KC 
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whore there is not much steam ov water, and after 
blowing off ite excess, without wrecking anything, 
settle down for repairs. 

Low water used to be considered about the only 
cause of boiler explosions, but its rcpuUition in this 
porliculai' aeema lo ho very much too bad. Overheat' 
ing the water, too sudden opening of the throttle- 
valves, or even the safety-valve, have been shown to 
produce explosion or rupture. As for this, about the 
only tiling that we can do is to take the same precau- 
tion that we do about the safety-valve sticking— make 
tlie boiler so that, whatever happens, it cannot ex- 
plode violently and generally, but will just split 
somewhere in a quiet, inoffensive, harmless way. 

Of course decay comes in ; bad design and construc- 
tion will hasten ttiis. 

Tlie sudden throwing of feed water upon hot sur- 
faces will cause bursting. We cannot insure that this 
shall not be done, but we can, as before said, n 
any bursting (other than a mere letting go i: 
local spot) impossible. 

There is no use in figuring up that there will ! 
only so much pressure of steam upon the boil«| 
because there is no knowing who is going to run il 
nor what is going to happen lo him, however compe- 
tent ; so the boiler must be mndo with a great excess 
of strength in every part over any re»soi\eh\^<!i^vD.«7>v^ 
iikel^ to be made upon it ■, and. iVat \^'ct« iom^^^ 
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some part or parts the rupture of which would I 
little likely to do any damage awd which will give way 
before any other and then act the part of safety-valve. 

The boiler must not be so made as to have within 
itself unequal expansion strains, caused by some parts 
being heated much hotter than others and wrenching 
other parts asunder or damaging themselves. In other 
words, there must be as little as possible of this un- 
desirable, unequal expansion, and what there is must 
be neutralized by a " take-up." 

There should be plenty ot metal, properly distrib- 
uted ; the setting should be such as not to injure the 
boiler ; and there should ho safety appliances which 
will prevent or neutralize, by rendering harmless, any 
ruptures which may occur. 

There should be laws which will prevent any one 
selling a boiler which will explode as a whole. Thoi-e 
is just as much reason for such laws as there ia for 
preventing the storage of more than a limited amount 
of benzine or of gunpowder in a particular place. The 
principle is the same, that an explosive thing should 
be rendered as little explosive as possible, and that it 
should be handled by those skillful in its working. 



Steady Stenniiiig. ^H 

There are few things in which steadiness ia not iff 
nost desirable quality. In an engine, -ceguXamtj a£ 



motion is for nearly every purpose aa absolute retiuii-e- 
meat ; but wbat is a most amazing feature of modern 
engineering is that people who will haggle about liie 
regulation of their engine, down to a quarter of a per 
•cent, of a revolution, will make or put in boilers which 
are as spasmodic in their steam supply as an intermit- 
tent spriDg, and as violent and local in tlieir circula- 
tion as a geyser. 

Wliere a boiler will take almost any kind of water 
and about anytliing in the way of fuel, even x>ermit- 
ting the fuel to be changed every few minutes— as in 
Buch places as umbrelia-handle and cane manufac- 
tories, where they must burn the waste as fast as 
made, — when under these circumstances it will keep 
right on, hour after hour, furnishing just about 
the same amount and Idud of steam, — tbat is a 
good boiler to tie to, in many respects. The boiler 
that blows for part of the time, and slows up the whole 
establishment at others, deranges the economy of 
nearly every concern in which it is placed ; while the . 
one which will show no signs of distress if steam 
suddenly desired for such a "steam cliewer" as 
power-hammer, is a good thing to have about. 

Some boilers will be steady so long as they have ^ 
steady, competent firemen, and then if they get a man 
who is not an expert will behave as badly as a spoiled 
child. As good firemen are very much n.vov'S. "ra.t«. 
than poor ones, it is a bad fea,Wiem a.'Wiw 'vjsiVs^ifi 
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to require a professor of chemistry and a metoorologJI 
an athlete and a diplomat, all rolled into one, to run 
it. 

There is in some boilers a roaepvoir of heat which 
can be drawn upon to keep up steam when the com- 
bustion is low. In some the "brick arch "over the 
grate serves to gasefy the fuel just thrown in and to 
ignite the products of combustion at such a high 
temperature as to make their com'bustion more 
thorough and economical. In some the walls them- 
selves have a mass of masonry which absorbs heat 
from the products of combustion as long as they are 
above a certain temperatriro and volume, and as soon 
as they cease to receive heat, at once give it out to 
the shell and its contents. Every boiler has its own 
peculiarities ; and we must remember that a good one 
is that of steady steaming. 

Compactucss of Bollere. 
There seem to be two classes of boilers ; one in 
which the makers (or builders, for they seem much 
more like buildings than articles of manufacture) 
have tried to be as generous as their means will allow ; 
and others where the aim and end being evidently to 
save space ; everything else— especially accessibility— 
having been sacrificed. 
Sut of the two the tendency seooia to \«iTnotato- 
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ward eompaotnesa tlian toward mere bulk ; and of 
the two it is in most cases and for near!y every reason 
tlie more desirable of the extremes. It generally 
Iretit'hes on the accessibility of tLe boiler for insjiec- 
tion, cleoiiiue;, aiid repairing. It makes tliiu water 
spaces and bence promotes quick steaming ; but at 
tlie same time makes the boiler rather more "tick- 
lish" about its feed. It offers in most cases rather 
raore than the average facility for the deposit of mud 
and other impurities, while it also increases the diffi- 
culty of removing tliem. 

Compactness is gejierally of greater value in citiea 
than iu the country. For instance, at the comer of 
Broad and Wall Streels, New York, the plot on whit'h 
the Drexel building stands cost the present owners 
tlOOO per square foot. Such space has a renting 
value, and there must be as little as possible of it 
taken up for things like boilers, which do not bring in 
rent. Money cannot be locked up just iu space. And 
as it has been decided that the owner of a plot of 
land owns "heaven high and hell deep," boil 
which sacrifice vertical space for the purpose of ^ 
ing ground room, are becoming looked upon ^ 
special favor for city sites. 

Compactness is for many reasons of more valuB 
aboard ship than on laud, whether city or country. 
Space which is worth so mut-li a cubic foot on land, 
even on the hig'hest priced cotuet oi ft.\B mo^\. si-*.'(*sv 
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sive street, would be reckoned cheap on the average 
ocean steamer, where the space accorded the coal and 
the crew, and everything' that does not bring in so 
manjr dollars a trip, is looked upon as dead loss, and 
profit-rabbi ng. 

The Engineer in Chief of the Bureau of Steam 
Engineering of the United States Navy confided to 
me some years ago in defense of some very remark- 
ably bailly-proportioued engines and boilers, that his 
chief trial in life was to be handed the lines of a 
vessel after it had been arranged where the armor, 
and the guns, and the magazines, and all the rest of 
the warlike equipments of the ship were to go,— and 
then bo told that he could put the enniues and boilers 
where ho could find a place for thera. 

In the country, where compact boilers are used, 
there is generally required a smaller and less expen- 
sive building, which of course costs less to put up and 
eats up less money in the shape of taxes, insurances, 
repairs, etc. 

But, in aiming at compactness, it should he borne 
in mind that wjiilo this quality may be highly desir- 
able and is so in most instances, accessibility is an 
absolute requirement. 

" In shunning Scylla we must not rush into Cha- 
ry bdia." 
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Gct'Ht-nlilc Boilers. 



It is a good maxim in any kiuJ of const™ ction that 
hidden work is apt to be, or to become bad. It moy 
start out by being good, wliere llie niuker is competent 
and honest ; but sooner or later if you cannot get at 
it to inspect it, arid repair it, there will be trouble. 
How few things gire out when you can see where 
they are "going,"? Somewhere hack or below or 
within, wbei-e the eye cannot reach or where light 
never penetrates, there is a leak or a cruck or a spring 
or something wrong. A boiler, being an affair which 
may be highly dangerous, should be of a kind which 
will peiTnit a man of moderate size not only to look it 
all over but to go ali through it. His eyes should be 
able to rest upon every squai-e inch of its heating sur- 
face ; and his hand should be able to feel every por- 
tion. If possible there should be room for a hammer 
to strike every part in order to determine by the ring 
which it gives or does not give, whether or not things 
are right. The boiler that you can get into, und« 
and around, is, other things considered as equal, 
desirable than one which cannot be got at. There 
a great deal of human nature in mankind, and 
average man fs not going to break his back, and strain 
and twist hia neck, and break his shins crawling un- 
der and over and by obsti'uctions more oc lcsa«bM^-i 
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hard, and dirty. It he owns the boiler he will do all 
this perhaps under a sense of duty to himself ; but 
reniembering that after all the duty is principally due 
to himself he will postpone paying it until tlio last 
posaiblo moment. Sometimes he poatponea it until 
tlie last horn blows ; and tlio last horn is an explosion. 

Accessibility is a sourco of economy because the 
boiler that can be got at easily will be kept clean, and 
a clean boiler will malte steam more cheaply than 
a dirty one. 

The accessible boiler is more safe, other things being 
equal, than tho one which cannot be got at without a 
great deal of trouble, Eternal vigilance is the price 
of safety no less than of liberty. 

The boiler which can be got at will be less likely 
than any other to break down suddenly and stop a 
whole establishment ; and, in these days, the stoppage 
of the steam supply may throw out of work hundreds 
and even thousands of hands ; for steam is not only 
the source of power, it is the heating agent. 

All things being considered, and considered in their 
true light and with their true weight, it pays in every- 
way to provide in a boiler a fair degree of accessi- 
bility ; and the boiler which is get-at-able is the one 
which can be trusted, day in and day out, to give 
better money's worth and cause less anxiety thau the 
one which olEers a pi-emium on neglect. 
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Position of Heating: Surface. 

Once in a while the papers publish recipes for 
making this, that, or the otlier article of food, in which 
the proportions of all the ingi-edietits but oiio are given 
with a degree of nicety that would do ci-edit to a 
chemist's laboratory ; but the amount required of that 
one is given as "some." In straining at a gnat of 
nicety, with respect fo some of the elements, the au- 
thor of the recipe swallows a camel of carelessness or 
inexactness concerning the other. 

It is so in many engineering matters. For instance, 
people are very careful to state the exact proportion 
that should exist between the grate surface and the 
heating surface, but they say nothing and seem to 
care for nothing about the position of that heating 
surface ; and position has as much to do with steam- 
ing as mere area has. 

It is not merely enough that a lathe tool shall have 
a certain size and angle of point ; the point must be 
presented to the work at the proper angle. The saoi 
way with hejiting surface. If prcsenlfid iit one an^' j 
to the action of the flame or heated gases of coiiu 
bustion it will have one value ; and if presented t 
Bome other angle its value will be entirely different. 

This being the case, it is well to look into the matter 
and see wiiat angles ai-o the best for the lieatvw^ w 
face to have, in oixler to have t\ie grfto.WsX'vaXvift. 
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The two extremes are vertical and hopieoiital ; b&- 
twccn which, of course, there ia any number of grades 
of inclination. 

The relative values due to different positions of 
heating surface has been determined by direct experi- 
ments with the following approximate results : 

One square foot of heating surface placed at right 
angles to the current of heated gases so as to receive 
them by direct impact, was found to equal four square 
feet when placed diagonally to the current, or eight 
square feet when placed in a direction parallel to their 
flow. Tliis shows the unportance of securing adirect 
impact of heated gases against the absorbing surfaces 
of the boiler, whenever the designs can favor it. In 
all ordinary boiler construction this matter ia wholly 
overlooked or disregarded, more attention having 
been paid to it in the desiring of sectional boilers 
than, perhaps, any other class. 

In some boilers this matter receives full and proper 
attention, and, what is of equal if not greater impor- 
tance, the surfaces are so arranged as to permit disen- 
gagement of the steam when generated by contact 
against the hot walls of the tubes, the intention being 
to have a maximum amount of steam generated and 
to have it liberated with the least possible unnecessary 
disturbance,— to have steady currents rather than 
intermittent explosions. 
Tn view of this fact, it is well '\n buym^ VjolVeira as 
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well aa in designing tbem, to see that tliey have 
heating «iirface in good position ; and if the design 
of the boiler ia such aa not to permit tliis, to see that 
there is more than enough of tliia badly placed heat^ 
ing surface to counteract, if possible, the evil effect 
of bad position. 

Choice of BoiJer Material. 

In buying a boiler you have your choice, as to 
material, among cast iron, wrought iron, and steel, 
and each of these has its advantages, according to the 
conditions. Wrought iron is most used, although 
steel plates are rapidly coming into use, too. Which- 
ever one of these two is used, it should be bought 
of a firm of acknowledged reputation, and should bear 
upon every sheet the name or trade mark of the firm, 
and the tensile strength per square inch which it is 
guaranteed to stand. This should be not less than 
4S,000 pounds per square inch. 



Plain Horizontal Cylinder Boiler. 

This is the most simple kiud made, — just a plain 
■wrought-li'on or steel horizontal cylinder, having 
either flat or convex ends (preferably the latter). 
They often receive the furnace or otbet \i«a.\. otA-^ \ti- 
tiielr lower surfaces, although, a d6")B\o"j(m-'&'^^ "^^ "Co."* 



36 HINTS TO POWER DBItBfl. 

is to run the gases of combustion from front to i 
underneath, then from back to front along ono side, 
then from front to back along the other side to the 
stack or the Hue. Thej should have manholes in the 
head or end, not in the cylindrically convex shell. 
The l»west water level should come above the top of 
the side Hues or passages. ■ 



Plain Vertical Cylinder Boiler, ^ 

Where, as in iron works, there are great quantitiea 
of hot waste gases, these are often applied to the 
generation of stoam in long; vertical cylinders, set in 
a masonry stack, between which and the boiler shell 
the hot gases pass. The upper portion, above the 
water level, should be fenced off v^ith a flre-briek ring', 
so that no hot gases shall touch any metal that does 
not have water on tbe other side of it — an imperative 
and very good rule to apply to all boilers. 

Both this type and the plain horizontal cylinder are 
simple in the extreme, and while not compact or light 
for a given capacity, and not very economical in fuel, 
are well adapted to very rough usage. 



Flue Boilers. 
Slio-htly more complicated and expensive than 
p7aia cylinder types, are w\jat ata ^uowq ea '' 
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boilers," in wliich there are large fluos, from two to 
six ill number, traversing tljB entire length of the 
shell, below the water line. The gases of combustion 
pass under the shell and return through these flues, 
which of course are surrounded and touched by water 
on all sides. They answer quite well where fuel 
economy is not so much an object as exemption from 
leakage and repairs, hut are, of course, somewhat 
less desirable in this particular and in the matter of 
first cost than the plain horizontal cylinders. Gain 
in fuel economy is accompanied by increased first 
cost, and trouble from and expense of repairs. Tlie 
power user may make his choic« to suit his o«'u case. 



Internally Fired Boilera, 
A class of generator very largely used across the 
Atlantic, and in one form commencing to be used 
here, consists of a large horizontal cj'Iinder, having 
below the water level one or two largo, lengthwise 
flues, in oue end of which the grates ai-e placed. The - 
gases of combustion pass back through these tub* 
(which are entirely surrounded and touched b 
water), and then pass frontward, below the wato* 
line, and sometimes entirely under the shell to a flue 
loading to the stack. Properly designed and built, 
these boilers are reasonably economical of fuel, aadL 
^ve but little trouble as regards re^oivi^', niV^^to-Msw*." 




pactiiess tliey occupy a place midway between the It 
boiler and the return tube cylinder type, which next 
claimB our attention. 

Bctnrti Tube Cylinder Boiler.* 

Among the various classes of wi'ouglit iron or steel 
boilers, the most conimoti in tins country is prabably 
the plain, eirternally fired, cyliudiica] return tube 
l^pe, in which the dames, after passing back under 
tlie boiler, pass through small tubes lengthwise of the 
main shell, under the water line. 

This b a much morecompact boiler, power for power, 
than the types just described ; and while more expen- 
sive, is yet of considei'ablc simplicity ; for whiJe it 
has many more parts, seams, and joints than the 
othei'S, they are all plain shapes, easy to make and 
join. 

It is not adapted to districts where the water con- 
tains large quantities of impurities, as, while the ashes, 
etc., in the tubes themselves ai-e easily cleaned out by 
brush scraper, or steam jet, the spaces among them 
are difficult of access and hard to get clean. 

This type should have its lengthwise seams out of 



• For Bbont 800 practicnl queatioDB and anawers oonoerning 
oare auil nso of all kinds of boilcrx, conitult my Btcnm BuUer 
OaCachiim, price $2.00 ; to be bad of the Practical Publlabing 
Co., 31 Fnk Bait, H. Y, 
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reach of tlie flames and double riveted. TLere should 
be no dome, hut in its place there should be a dry-i>ii>e, 
made by cuttiug a number of slots bi a long length 
of pipe of the same diameter as that which carries 
the ateam away from the boiler, aiid wiiich latter pipe 
should commuuicate with the ceuter of this dry-pipe, 
and with no other portion of the boiler. Tlie ends of 
this pipe should be closed, so that all the steam which 
leaves the boiler should have to pass through the flue 
Blot«, thus straining out the water which would other- 
wise be likely to be carried over with it, causing loss 
of fuel and injuring the cylinder heads of the engiua 
The shell should have plenty of facilities for inspec* 
tion in the way of manholes aiul hand-holes. The 
manhole should not ordinarily be in the convex part 
of the shell, for the same reason that there should not 
be any dome, that the large opening necessary weakens 
the shell. 

Gaskets. 

It is important that the joints of all manholes and 
handholes be well packed to prevent the escape of 
steam or water. For this purpose if ordinary rubber 
gaskets be used, they should be rubbed on both sides 
with chalk or black lead to prevent their sticking and 
thus getting torn. 

Gaskets of corrugated sheet copper last much longer 
than rubber, especially if the jcAnVs atft Vo \ifcN«^i«o- 
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often ; but are of coiirae much more expensive. They 
will staud a higher steam pressure and temperature 
without being spoiled ; in fact they are the only kind 
that can be used to advantage witli superheated steauL 



Panchlng. ^ 

Where riveted holes are punched it is well that they 
be done with a punch which will not strain the sheet, 
and which will also enable the work to be done equally 
and with little expenditure of power. This is accom- 
plished by having the cutting face of the punch spiral, 
so as to commence its cut at one side of the circle and 
work around Hke a pair of shears. 

Steel boilers should have their rivet holes drilled 
instead of punched ; but if punching is resorted to, the 
sheets should be annealed after punching, as this tends 
to counteract the injurious action of the punch on the 
metal immediately around the hole, ^J 

Riveting:. 

Rivets should be fastened up by power, particularly 
■where Ihey are long in proportion to their diameter 
and where holes are punched with considerable 
"flare." A powcr-fa.stened rivet fills the hole much 
more tiioroughly than one headed by hand ; and 
makes a Joint which is not only ligliitie'cWt^.tTcm^t. 
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CaXkliig. 

The seams of wrought itod or steel boilers aliould be 
calked with a round-nosed tool, in order to pi-oveiit 
the plate under the seams fi-om bciug scored by the 
sharp edge of the upper plate. 

Welded Seams. 

It is perhaps best not have any lengihwiso seams at 
all. This can be accomplished by having them welded 
by great hydraulic pi-essure, and will probably soon 
be done by electricity. 

Tube Expanders. 

The tubes should be made to hold well and be tight 
in the heads by the use of a roller expander, and every 
fireman should have one of these, so that at the first 
agn of a leak at the tube ends he can remedy the 
trouble. A competent fireman, on the lookout for 
bis employer's interest, will keep all tubes tight if 
you give him the facUitics, and proper appreciatifX'j 
and recognition of hia forethought. | j 



Sectional Generators. 
In order to increase the heating surface ascomijoswv' 
with &e quantity of water contamei rn'Ow^'^wS^*'^- 
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and also, by lessening the sue of parts liable to rupture, 
to dimiulsh both their likelihood of burgling and the 
damage which would be caused by such an accident, 
there are maxlo what are known as " sectional " boilers, 
which have another feature which often proves valu- 
able — ability to be carried into mountainous districts, 
where pai'ts weighing over four hundred pounds would 
be difflcull and expensive, if not almost impossible to 
transport. In these the heating surfaces are largely 
composed of wrought-iron tubes or of cast iron 
spheres, containing the water to be heated, and among: 
whichthe gases of combustion pass on their road from 
the combustion chamber to the stack. 

The number of sectional boilers is legion. Some 
are good, some bad, some very bad. There are a few 
which have been doing good service, year in and 
year out, for long terms of years, and which of course 
can be bought without any risk of trouble by their 
exploding, leaking all the time, or wasting coal. The 
makers of some of them have got their business down 
to a very fine point, and can deliver what is wanted 
and give a definite guarantee, which they are able to 
back np in case of need. 

But even if you have a sectional safety boiler, see 
to it that it is treated just as though it was liable to 
explode any minute. Even although your building 
is fireproof you do not court fire risks ; then, even if 
joar boiler in si!j>i>osed to be prool aga,\u5t explosion, 



BISTS TO POWER UBKR8. 43 

do not offers premium upon accidents. Bear iu mind 
that every boiler is always just going to exploile ; act 
as though you were afraid of it, and you will not be 
aptto have any trouble with it on that score. Always 
have on hand "spares" of the extra parts of your 
sectional boiler, go that in case of one part giving' way 
it may be replaced iu the least possible lime. m 

Dome. 

Do not order a dome on any new boiler. There 
are very few cases where the addition of one to an 
old shell will increase its steaming capacity or make 
it produce drier steam to such an extent as to warrant 
your ordering it ; and in most cases it seriously 
weakens tlie shell. The dry pipe and the dome do 
very well what the dome does only partially. If you 
want to consider it as a reservoir for steam, just 
figure out how many — or how few— cylinderfuls of 
steam it will hold. If there is a dome on a boiler 
which you htiy, see to it that the shell is reinforced by 
a flanged wrought iron or mild steel ring where the 
hole for the dome is cut out, and where the ring of 
holes for the dome rivets extend. 

Mud Drum. ^ 

A mud diTini is at best a mere antidote. Best not 
let theniiid got into your boUet ; W\aii^<j\x"^"i;\v.o'^ 



44 HINTS TO POWER DSKI&. 

need a place for it to settle in. If you do have one, 
see tbat it is out of the way of tbe flames, so that the 
iniid will not get baked on it. Never order one drum 
for two boilers. If you already have such a bad 
arrangement see that there is a place at which to blow 
it out, and a liandhole (or better yet a manhole) to 
permit of inspection and cleaning. 
Instead of a mud drum, use a feed water filter. 



Glass Water Gauge. 

There ahould be attached, preferably to the head of 
the boiler, a glass water gauge, by which the level of 
the water may be ascertained at a glance. 

It is absolutely essential that there shall be some 
method of seeing' wliero the water is without going 
over to the boiler for that purpose. A properly 
constructed glass water gauge apparatus, with Scotch 
glass, will, if it be properly proportioned and attached, 
show the same water level in the tube as there is in 
the boiler. There should, of courae, be pi-ovision for 
clearing out the steam passages with a steel rod when 
they get wholly or partially filled up with scale or 
sediment ; and it is well to have them with a safety 
attachment, so that in case of breakage of the glass 
the steam and water shall be shut off so as to save the 
eagiaeer from a scalding and pernut Vaa m«i'rt.\Qu of 
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a new glass. Always have extra glasses at hand. 
When one is wanted it is needed rig;ht away. H 



Try Cocks. 

There should be also three or more try cocks, placed 
diagonally one above another. These are very well 
to supplement the water gauge glass, and in fact I 
would rather have them alone than tlie glass alone. 
Whatever kind are used, they should be put at proper 
levels so as to indicate when the water gets anywhere 
near the danger level. The fireman should be instruc- 
ted to try each one at least three times a day. It 
takes but little time for one to get clogged, under cer- 
tain conditions — and but little time, also, for the water 
level to get run down to the danger limit, under 
favorable circumstances. 

Safety Valves. 

Once the boiler is made and set, all possible precau- 
tions should be taken to insure perfect immunity from 
explosion. The Urst thing requisite is a safety valv 
of the most approved pattern, and this should b 
tested daily by mising it to let the steam blow. See ti 
it that your fireman is able to calculate (1) the weiglit 
requisite to close the valve where the steam preaaace 
and the length o( tho levtir aregivew, i;&i'CB.5i&i*s»»K'' 
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at whioli a given weight should be hung, when the 
pressure is given ; and (3J the pressure at which the 
valve will blow, wbere'the weight of tbo "pee "and the 
distance from the fulcrum, are given. 

In some States the local ordinanceB call for two 
valves on each boiler ; each able to discharge all the 
steam it can make, TiieUuited States laws provide for 
one square inch of valve area for two square feet of 
grate for ordinary valves, and One square inch for 
four squai-e feet where tlie lift will give an effective 
area of one half that duo to the diameter. No valve 
should be over four inches in diameter. Flat valves 
are less Ukely to stick fast than those having coni- 
cal disks: Where there are two valves they may be 
combined in one casing so tliat there need be but one 
hole to cut in the shell, and but one joint to make 
and to keep tight. 

One very nice arrangement is to have the stop valve 
and the safety valve combined. 



Dial Pressure Gaiigrc. ^| 

Next to the safety valve the moat impoi-tant thing 
upon a boiler is the pressui-e gauge. This should be 
put upon the top of the dome, dmm, or boiler, and 
should be tested every three months to see that its 
spring has not got set. It should be attached by 
means of a coil of one turn oE pijMi to caVii\\ <uiai\«ita[ 
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water and to prevent live steam getting at tlie spring 
and "setting" it. (This does not apply to mercury 
gauges.) 

The records of local boiler inspectors and of the boiler 
insurance companies show tliat a very lai'ge propor- 
tion of the pressure gauges, on the accuracy of which 
so many lives and so much property depend, are incor- 
rect. The expression, "To lie like a gas meter," 
should be changed to, " To lie like a pressure gauge." 
It is strange Low people will be so cautious in business 
matters, and so little observant and disposed to test 
things in matters such as these. 

Kecor<ling Gauge. 

It is highly desirable that the regular pressure 
gauge be supplemented, by a recording gauge. 

Tliere are few better investments that can be made 
about a power plant of any size, than a well-con- 
structed and accurate instrument of this class. It 
■will check and regulate unfaithfulness and incompe- 
tence on the part of the fireman, and of course be to a 
considerable extent a pi'otector from danger by ex- 
plosion. It will not, certainly, make men competent, 
normaketliem honest and faithful ; but it will enable 
you to detect incompetence and unfaithfulness and 
remedy either or both by getting a new man wheu.-- 
Ihe old one is not up to the standavi. 
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Low "Water Alarm. 



The recording gauge sliould be really an electric 
low water alarm ; but there are some which hare 
steam wlibtles attached to them which do good service. 
(It is well to consider, in this connection, the danger 
of alarming a mill full of empioyera by the shtjj 
scream of a low water alarm whistle.) 



Damper Regulator. 



% 



There are several kinds of these : some act by the 
expansion of air, some by the pressure of steam ; all 
have for their object closing the damper in the stack 
when tlie pressure gets to a certain point. The way 
to find out whether the one which is offei'ed to yoii 
for sale is good or not, in your particular case, is like 
the rule for seeing whether a match ia or is not good ; 
try it. Put one on, connect it with the dumper. Are 
up all you can, with the stop valve shut, and if the 
regulator permits the pi'essure to get aijove that fixed 
as the maximum, consider that it is no good. If it 
lets the pressure get below a certain point, that may 
or may not be the fault of the regulator ; it may be 
the boiler's fault— a regulator is never claimed to 
make steam ; but if it fails to prevent the pressure 
rising, even with the stop valve shut off, don't bother 
Willi it. TliofO are few cases w\i6rc \,\\6 >la.vft\iiir regu- 
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lator should not speedily control the steam. Of 
course if the boiler is set in a great mass of masonry, 
■which has been let get red hot, anil the water level is 
low, aud the mass of coals well glowing, the regulator 
may not keep down the pi'essure, and you may have 
to depend on the safety valves. Valves, I sny, for I 
assume that on every boiler there will be two, law or 
no law. 

Muffler. 

It is well to have on the safety valve discharge 
pip© a muffler which will prevent the roar of escaping 
steam from auuoying or alarming any one. In some 
places there is so much noise when the valves open to 
lift, that you can hardly hear yourself thiiik ; and in 
others a suddeji escape of sleam in lai-ge quantities 
might cause a panic. 

Whistle. 
If there is a whistle upon the boiler it should not 
be of the shrill kind which tends to make life hideouSi ^ 
but a chime, sounding two or more notes in harmonyi 

Reducing Valve. ij 

If there are two or more boilers connected together, 
aud one of them is allowed to carry more uressuro 
thiu) the other, or if a high-\)\iisa«.veV)i\e;i; 'is,\\\\R.^Ac&- 
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to supply a range of low-preBsure pipes fof heating, 
etc., it ia desirable to have a reliable j'educiiig valve, 
by whicb there may he absolutely no danger of the 
maximum pressure at which it is set being exceeded. 
A i-educing valve ia particularly desirable at the 
iulet of a steam heating system taking steam at a 
pressura greater than the fixtures will stand without 
leaking. 

The Grate. 

It is impossible to have economy in fuel if there is 
a wasteful grate. It is necessary to have one which 
shall Jet a large quantity of air through it without 
lettiug any fuel drop thmugh. Tliis grate must also 
be of such a design as to be quickly and easily replace- 
able iu case of accident to any part of it, but it must 
not be of a kind that will warp or crack from the 
heat of the furnace. 

There are in the market many different kinds of 
patent grates ; some of them of no use whatever, 
others well worth the money asked for them. No 
grate should be put in which has not at least fifty per 
cent, of air space between the bars ; and it is best not 
to try experiments. As a general thing let some one 
else do the experimenting. Put in grates whic)i you 
know to be doing good service and which those who 
use them recommend ; rcmemlwring, of course, that 
the beet recommenda.iioia iaaseconi<iTiiCT,\)-s M.-flB\l- 



posted pei'Son, wlio has no personal interest in the 
device, nor friendship for tlie inventor or salesman. 

Shaking grates have the merit of permittirg the 
fire to be cleaned often, evenly all over, and only a 
little at a time, instead of being coaled up in great 
quantity and raked out wholesale. Besides this the 
fli-e is not chilled hy frequent opening of the door in 
cleaning. 

Spare grates or sections should always he on liand, 
80 that in case of the failure of one, a new one may 
be dropped into place in short order. 

One word right hei-e. There is no grate which can 
burn economically more fuel than a certain maximum 
well known to competent professional eiigineei'S A 
grate merely holds the coal for the draft to burn. If 
the boiler furnace has too little di-af t, no mere arrange- 
ment of cast iron bars between or around air spaces 
will burn the fuel. 



Separator. 



I 



A separator or so-called steam drier, whether pal 
ented or home-made, is at best but aremedy, althougi 
one often needed. If you find that you are stuck ^ 
with a boiler which makes wet steam, or that the one 
whicli you have must be foi-ced so an to give wet 
steam, it is well to try n di-j v'\¥"^% ■?ertti-Mi.\ft&. -^i^Cs*- 
Biie holes or saw kerfs, and ex^cniuis a 
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side of the boiler in the Hteam room. Tliis is an appfti 
ance long aud favorably known, although not so often 
applied as it should be. If such a dry pipe will not 
do, then try a separator. There are two or three in 
the market ; other things being equal, buy the one 
which is spoken of the best by those competent to 
judge, and not interested in it or its manufacturer or 



You must not, however, expect every separator or 
other steam skimming appliance to do ntore than 
remedy in part the evil caused by unduly forcing the 
boiler, or by permitting local curi-ents in the circulu- 
tiuQ, which tend to EJl the ready-made steam with 
spume. 

Boiler Covering'. 

No matter how cheap your fuel is, have your Iwiler 
covered with a non-conducting covering. If it is in 
the open air or in an exposed pliico the covering will 
Bave its coat, many, times over, in fuel ; and if it ia in 
a close room, it will not only Bave fuel hut render the 
fireman's life more endurable. Consult the comfort 
of your men, in this, as in other things. If you don't 
care anything for their health and comfort, tboy will 
care little for your safety and nothing for your profit 
aud loss account. The saw-will owner who has to 
hire a man to burn liis excess of sawdust iu a cremat- 
/«i- turitace, may quesUoiL t\io nftoeaavi-s (A M!«(a% & 



boiler-covering — but lie should remember that every 
iiaaecessary pound of fuel which is consumed on his 
{^tes lessens the life of his grates, boiler, and stack. 
Of all the boiler coverings in the market tliose are 
the best, other things being equal, which contain the 
iBOBtair. Plain old fashioned hair felt is good where 
tbepressurea (which affect temperatures) are not high ; 
flr where the temperature is high, wliether the pressure 
te OP not. Get one which is either readily remov- 
idria toe inspection of the boiler, or easily impaired 
in case it must be taken off in places. No matter 
what covering you use on boiler or pipes, be sure that 
it is white on the outside, as, other things being equal, 
white radiates less heat from a given area than any 
other color. 

Various Steam Pipe and Boiler Coverings. 

The substances employed in non-conducting cover- 
ings for steam pipes and boilers are legion ; yet there 
are half a dozen or so which are common to nearly 
all of them. 

It is demanded of such coverings that they shall 
non-coaducting, heat-resisting, tenacious or n< 
cracking, non-corrosive, adherent to hot iron, lib 
affected by leakage, low in radiating power, easy o. 
first application (and sometimes of taking otf and r6" 
placing), and cjipable of taking a weaX &.\v\'Sa. 
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Sometimes it is desirable that they bo self-bindinjv 
or formed into a solid m:iss tbat will hold itself to- 
gether. To this there may be added lightness m 
weight, aiid cheapness of Erst cost aud of applica- 

I^ere is no one substance which has in any great 
degree all the properties named. It may be interest- 
ing to classify the materials used, alone or in combi- 
nation ; naming each material and.stating its quali- 
ties, andstating each quality and naming the materials 
which possess it. 

Among non-conductors when used alone may be 
classed wood strips, hair, wool, hair feit, wool felt, 
cork, infusorial earth, mineral wool, i-ock wool, 
pumice stone, sawdust, charcoal, paper pulp, plaster 
of paris, asbes, and air spaces. 

As heat resistauts wo may mention asbestos, plaster 
of paris, uncalcined gypsum, sand, clay, ashes, char- 
coal, soajistoue, pumice atone, chalk, infusorial earth, 
mineral wool, rock wool. 

Among binding materials to resist tendency to 
crack, there are hair, wool, woody fiber, paper pulp, 
asbestos fiber, and, perhaps, sawdust. Canvas, wire 
gauze, and either black or tinned iron jackets are 
used to hold pulverulent materials. 

As adherent to hot iron, clay seems the most satis- 
factory. 

0/ thoae little afFoctet), as regatds \.Ueir durabiLity, 
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by leakage, there are wood strips, cork, felt, air 
spaces, liydraulic cement, piaster of paris cement, 
silicate of soda, asbestos, sand, sawdust, charcoal, 
pumice stone, aoapstone. Of these, air space and 
piaster of paria have their heat conducting power but 
very little increased by water logging ; the reverse is 
the case with the rest. 

As regards radiating power, as light colors, smooth 
surfaces, and metallic luster serve to diminish radia- 
tion, we find plaster of paris, lime, and tinned iron 
jackets for air spaces desirable factors. 

Ease of first application depends on situation and 
other circumstances. Where the ptx>es are very hot, 
sectional coverings come in handy. Where a plaster 
covering" is used, clay seems to do better than other 
matrices. 

In ease of removal and re-application, we have 
wooden strips, cork strips, and sheets bound on with 
wire ; loosely woven asbestos cloth ; sectional plates 
and tubes ; metal jackets liaviog non -conducting air 
space under them. 

For neatness of finish the wood strips, the metal 
and canvas jackets, and many of the plastic com- 
pounds, commend themselves. 

Lightness of weight is found in wood strips, saw- 
dust, cork, hair, wool, hair felt, wool felt, paper pulp, 
charcoal, pumice stone, mineral wool, rock wool 
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As rpf^arils cost, none of these substances 
expeusive, except the felts, and perhaps some of the 
wii« gauzes. 

In the following table I give, opposite the names 
of eacli material, oi-osses in the column headed with 
properties which tUeir materials possess : 



Hi 



AnbesCoB cloth. 

ABbeetOB in plaBter compooiiElH .... 

Wood Btripa or IngRing 

Hair felt 

WoolMt , 

Dark metal iocketa and air apace... 
Bright " " " '' .. 
CoA fragments in white jacket.... 

Ckiik strips and sheets Id plsKter X 

bifuBotial earth in a white jaaket. . . X 
" '' " plastic oomponnd X 

Ploiter of pans in plastic oomponiid 

Raw plaster 

Baod , 

Book wool in Jackets. . . 

Uineral wool In Jackets. ' 

" " " plostio compoDDd. . 

PnmicBstone 

SawdoBt 

Charcoal , 

Paper palp (white) 

Ashe s (mineral coal).. 



J 



Foed-'Water Filter. 

No matter what way you choose to feed the water 
into the boiler, it is important that it be pure : if it 
contain mineral substance, any solution or other 
matters in suspension, these will be deposited upon 
the surface of the sheet and tubes and cause a scale 
which will prevent the heat of the furnace or of the 
gases of combustion from going into the water to 
make steam, while at the same time the boiler is in 
danger of being burned. So that the deposit of scale 
is not only a waste of fuel, but a source of danger 
from explosion. These substances shouid be Altered 
out, so that the water may be practically pure. 

There are many Alters on the market; some of 
them mere strainers, and others regular dummies, 
passing the water and doing it no good. A Alter 
which does not get foul andrequire to be cleaned out, 
is doing no good as a filter. ^H 



Fee (I- Water neater. 

Ab every particle of heat which the furnace has to 
put into the water in ordei' to make it into steam costs 
money in the shax>e of coal, it is desirable that tbe 
feed water be as hot as it can be nnade. For this 
reason there should he between the pump or injector 
and the boiler a feed heater, w\\\c\i Vifi.^Mlt'Oti'a-^BSjB 
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into the boiler as near 812 degrees bs jKJssible; this 
heater raising the temperatui-e of the feed water by 
utilizing the heat of the exhaust steam of the engine, 
or of the gases of coaibustioii aftfir they have pa^ed 
through the boiler. 

Tliere is another advantage in having feed water 
heated, particularly if the feed is not constant. The 
hot sheet tubes of the boiler are chilled by having 
cold water thrown upon them. This has the double 
effect of causing cracking and lowering the steam pres- 
sure. We may safely say that no manufacturer who 
has any idea of safety or of economy will feed cold 
water into his boiler. 

The most common impurities ia hard water are 
salts of lime, of magnesia, and of iron ; the most fre- 
quently found of these being carbonates. 

Where the steam pressure is 60 pounds there is 12 
per cent, saving by heating the feed from 60 degrees 
to 200 degrees. With this as a basis, any one can 
cipher this up for himself. If his coal bill is $200 per 
week he will save t24 a week by heating his feed 
water from 50 to 200 degrees, supposing that he is 
running with 60 pounds pressure. Besides this there 
are indirect savings by i-eason of increasing the life of 
the boiler, etc. 

The test of efficiency of a combined feed water filter 
and heater is not merely a cliange in color and tem- 
peratuee of tlio water wUicli Was ■pasacd Uirough it. 
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Water which comes through perfectly transparent 
may coutaiu a marked pei'centag'B of chemically-dia- 
solved impurities, which will be deposited on the shell 
and tubes of the boiler if heated above 2S0 degrees or 
eveii above 813 degi-ees. To test whether or not your 
combined heater and filter isefflcient, weigh an ounce 
of the feed water before pumping ; evaporate it to dry- 
ness in a test tube and weigh what is left ; then 
Bimilarly evaporate an ounce of water which has been 
heated and filtered, and see how much less solid is 
left. If there is just as much in the second instance 
as in the first, the apparatus is worthless as a filter. 
If there was considerable before heating and filtering, 
and none after, the appliance is doing good service. 
If there is little or no solid substance in the water no 
filter is needed. 



Tlio Fectl Pump.* 

The manner in which the feed water is supplie 
the boiler is most imirartant, as also is its temperatun 
and purity. As regards the manner of feeding, that!] 
may be by either a pump or an injector, and if h 
pump it may be driven by belt from the shafting d 

' SsTeral liundred pmcticnl C]U«BtioiiB concGrniiig pnmpi oE'1 
all kinds arc answered in m; Pump Csiteehinm, two volumaB ill I 
ono, price $3.00 ; to be bnd of the Pmcticnl rnblishiDi; 
Park How, N. Y. In it are given foil instrnotiong how to 
adjust, and mil nearly svery pump QaUiQinBi'^£to\>. 
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tlie establishmeDt, or it may be selC-coutaincd. The 
first is called a power pump and the xecond a stQam 
pump. Powerpumpa may be eithet'belted or geared. 
Steam pumps maybe positive driven, or direct acting, 
neither of these names conveying its proper meaning. 
The advantage of having atfiiun pumps instead of 
those driven by belt is seen in time of fire in the 
" establisbmeut. If thei-e is anything the matter with 
the belt, or the engine is not going, the pum]) cannot 
be run, but a Bteam pump is independent of outside 
matters and runs upon its own merits, 

Tlie feed should be regular and constant; the water 
should not be pumped up spasmodically from time to 
time. If the demand for steam varies, of course the 
amount pumped may be increased or diminished, but 
there should always be feed going into the boiler, as 
long as there is steam going out of it. The pump 
should have capacity to deliver four times ns much 
water as the boiler can evajiorate. 

The feed pump should be so connected as to be 
usahleforfireextinguishmentalso, if necessary ; and 
sometimes it will be found desirable to have connec- 
tions by which it can fill tlie water tank ou the roof. 

Where a boiler is fed only fi-om the street mains 
under pressure, — without the use of a pump or au ijj.- 
jector, as sonietinies happens wliero tliei-e is very con- 
siderable pi-essim) on tlie mains, — there should be 
provision for feed in case oi alop^ae tit Uto 'Kater- 
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works engines or of any trouble with the mams. It 
is all well enough to let the water-worka fill your 
boilers week in aiid week out ; but you should be 
ready to take cai-e of yitufKelf in case of au emergency. 
The pump valves should be readily accessible for iot 
specliou and removal. 



1 



The Check Talve. 



1 



There should be attached to the feed pump, in addi- 
to its own discharge valve and theshul-otf valve, and 
coming between these two, an efficient chock valve, 
which will pennit the water to pass into the boiler, 
but not allow any to pass out ; otherwise there might 
be trouble by scalding water blowing through and 
causing risk by letting the water in the boiler run 
out, even if no one were scalded. The check valve 
enables the pump to be disconnected without using 
the stop val ve, and permits the atop valve to be packed 
or repaired without the necessity of drawing the Area. 



Injectors. 

Instead of pumps, injectors are now used by many, 
and they have the advantage of being very simple 
and compact. While many of them are simple and 
jaataa effective as the pumps, Wvcw u^ifefiXXiiw \'s. ^ 
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paradox, as a jet of steam from the boiler is made to 
strike a curront of watei' and feed it into the boiler 
against the pi'essure of tliat steam itself. 

The same rule which applies to constant feed with 
jminps, holds good where injectors are used ; there 
should always be a sti-eam of water going into the 
boiler, so long aa there is a current of steam going out 
of it. 

The injector, like the pump, should bo able to sup- 
ply, when in good working order, four times as much 
water as the boiler can evaporate when doing its best. 
Then thei-e should be little or no trouble with low 
water by reasou of defective feed. There should be 
both a check valve and a stop valve ; the latter be- 
tween the check valve and the injector. 



Steant Augers. ^H 

The " steam auger " is an iron pipe with a special 
nozzle ou one end and supplied with steam througli a 
flexible hose. Its purpose is to blow through the 
flues of tubular boilers, and remove the soot, ashea 
etc., which stick to their sides. See to it that your 
fireman is turnishod with one and made to use it. 
The softer the fuel you burn, and the more woo<l — 
particularly soft pine— you USD, the oftener you should 
use Ihe steam /J ue -cleaner. A. \ki\\ct -wXvvAi. -^ 
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Uie flames and hot gases to radiate beat to flues which 
are clean will steam more rapidly and economically 
than if the heating surface lias a non-conducting 
covering of flue ashes. j^m 

BoUer Setting. 'U 

Having got the boiler, it is important that it be Bet 
properly, for fifty per cent, of the ]M)wer that a boiler 
will give off may be lost by bad setting, and, outside 
of this, bad brick setting will not last half so long as 
that which is properly done. Fire-bricks should he 
used for the bridge wall and for the inside Ihiing of 
the miun walls. The walla should be set upon stone 
foundations so that they will not crack by settling, as 
cracks not only lead to the destruction of the walla, 
but cause leakages of air into the furnace. If you will 
look into your boiler furnace, you will probably see, 
if the setting is bad, blue flames at the cracks in the 
side walls. They are caused by the air which leaks in 
combining with the carbonic oside gas, which is a 
product of incomplete combustion. M 

Do not expect too much of a boiler. You cannofcH 
get out of it any more than the law allows — the law 1 
which says that there is only so much heating power 
in a ton of coal, and that a pound of coal cannot make 
more than a certain number of pounds of steam at * 
stated pressure out of water at a slatei \Kn>.'^'K^\««.- 




LenkB. 

Never let a steam leak keep tip longer than is abso- 
lutely necessary. Of course you can't shut down a 
mill for tlie purpose of stopping a petty leak ; but the 
flMft cliauce tbat you have, see to it that eacli leak 
which, is observed, be it little or big, is stopped abso- 
lutely i not lessened, but stopped. Every" sizzle and 
drip about the place tells of your ignorance or care- 
lessness. It is a gi'eat pity that steam is not gold- 
colored, so that when it leaks or is blown off through 
the safety valve it might i-emiiid you how your prof- 
its were being distributed over the face of the earth. 
Outside of the dii-ect loss caused by leaks, they occa- 
sion indirect losses by acting as general demoralizers 
of the entire establishment. ^ 



Steam Traps. 

Every range of steam pipes should be provided with 
a trap to collect the water of condensation and return 
it to the boiler or to some point whence it may be 
pumped back. This water, if allowed to get into the 
cylinder of tbe engine, would endanger it ; it is also, 
if not returned to the boiler, a source of loss. 
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• Boiler Horse Power." 



This is a much abused term. In old times, when it 
took a cubic foot of water, evaporated into low pres- 
sure steam, to produce a horse power in a primitive 
engine, a "hundred horse power" boiler waafciie 
wliich would serve a hundred horse povrer engine, 
and the rule of a cubic foot of water per hour per 
horse power (the temperature of the water, when fed 
in, or the pressure of the steam, being ignored as un- 
important) was considered good enough. Now, how- 
ever, a boiler maker may sell one boiler to a man 
whohasdirect acting steam pumps that take SD pounds 
of steam per hour per horse power ; another just like 
it to serve a slide valve engine taking 40 pounds, and 
a third exactly similar to supply a compound con- 
densing engine, which will produce a horae power for 
every 80 pounds of steam ]>er hour supplied to it. If 
each of these boilers evaporated 2OO0 pounds per hour, 
the first would be a 23 horse boiler, the second a 50, 
and the third a 100; while a fourth, used for heating^ 
pnly, would be of no actual horse power at all. 

In order to make some conventional standard whid 
can be understood, even if not expressed, professioai 
engineers have united in assuming one boiler horfl 
power as the evaporation of 30 pounds of water { 
hour from 70° Fahrenheit into steiua a,l V'Jfi "^siMMSa 
pivssu re per square inch; on w\uc\»\iaaa,'CoR.^ 
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tor whicli made steam at 100 pounds pressure out of 
2000 pounds per hour of water at 70° F. would be a 
6G| horse boiler, and this being now " the usage of the 
trade," the courts would ao decide it, ia the absence 
of auy different agreement. 



Too Much Power. 

One of the most common faults is buying a boUep 
or an engine much too large for the work that it has 
to do, at the time of purchase, or in the near future. 
The engine ia more often bought too large for the 
boiler than the i-everae. One cause of loss under this 
head is buying an automatic cut-off engine where a 
plain slide valve would answer ; this ia particularly 
the case with small powers. Another is buying a con- 
densing engine where the load is very light or the 
steam pressure very high, or both. The purchase of 
an engine much too large for the boiler makes it ne- 
cessary to run at too low steam pressure, or to cut off 
too early iu the stixike. I should here say that up to 
a limit of about two hundred pounds per square iocli, j 
there is a saving in using high pressure steam, pro- 
vided, of coui-se, that it is properly used. Improperly 
used— that is, in too large an engine or at too alow W 
too fast piston speed, the savingcauscd by having high 
pressure steam may be neutra-liicd by the other coudi- 
^ioaa being wrong. High pTcasuva uaceswXalJea 'obov^ 
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I boilers, mside of tlie very best tested and 
guaranteed materials, in the very best way, and of a 
design which shall be safe from dttnB;er to life or prop- 
erty, economical in the generation of steam, and dur- 
able ; saving in the items of depi-eciation aud repairs. 
Where possible, compactness is desirable ; but it is 
not paramount. 

Whatever boiler you buy, see to it that you get a 
moderate reserve of power. If your plant is very 
large there will generally be economy in having 
several comparatively small boilers instead of a few 
large ones, as they accommodate themselves more 
reddily to changes from day to day in the amount of 
steam required, It is generally good policy to get a 
little extra strength, so that if at any time you find it 
desirable to increase the pressure for the purpose of 
gettingmore out of the engine, you can do it— always, 
of course, providing that the engine can stand it ; a 
fact which should be arranged for with its builder. 



Emergencies. 

If you take sieank from a steam supply compan^ 
will be well to have a boiler at hand ready to s 
at least a part of the steam needed, in case of accidfli 
to the mains, or dispute about the rates, There 1 
so much human nature in manliwad tWi, ■^<i\i-^'iSi\» ' 
likely to Bad the connections \j\0i-3owc eA.'a;5i;&L«i.««* 
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kept in better condition, and the bUla more carefully 
laid out, if you are able to " padifle your own canoe " 
at a moment's notice. Of course, if you are running 
a daily newspaper you will have to be ready to sup- 
ply your own steam on the very shortest notice, com- 
pany or no company. 

Never under any circumstances have two Iwilers ao 
connected together that you cannot use either one of 
them alone, while the other is being inspected or re- 
paired, or is desired out of service. There are many es- 
tablislimeuts— and this is particularly true of flouring 
mills — where it is found highly adv^antageous to make 
of the whole plant two distinct sections, each com- 
plete and independent, so that it is perfectly feasible 
to run on half protluction with maximum economy 
and minimum trouble. In the case of daily news- 
papers and of steamboats, division of the power 
generating appliances into two is especially desirable, 
as half speed may be attained without risk of any 
kind, which is not the case where a single engine or 
boiler ia started up after temporary repairs. 



i 



Have stack enough for your boiler to give you good 
draught under all circumstances of wind and weather. 
Iftbeiv IS loo much you can aUvA 'A oB.. §«& \ft ^'k 
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that the temperatiu'e of the escapiug ga^cs at tho top 
of the stack is low ; that they are not hot enough to 
bum a shingle ; not even hot enough to set fli-e to 
paper. If you are sending' out of your chimney top 
gaaea hot enough to fire paper and even wood, you 
are not getting out of the fuel anywhere near as much 
as it is possible for you to do. See to it, in fact, that 
the gaaes as they leave the boiler and enter the stack, 
are at a comparatively low temperature. There 
' money in heating up a stack for the four winds of 
I heaven to cool off. What you bum coal for is to turn - 

water into steam. 

' Whatever kind of a chimney you have, see that it is 

I smooth inside. The rougher it ia inside the less the 

I draught will be. A round section costs rather more 

I to build, but is a trifle the better shape. 

I In building your chimney, don't forget to le. 

door at its base by which it may be entered ; n 

leave climbing irons by which it may be ascended for 

inspection or repairs. It sometimes costs a cool |100 

for "Steeple Jack " to get to the top of a stack from 

' which the climbing irons have been forgotten. 

It is well to attadh a lightning rod, if care is taker 
to make connections at the ground end, with the J 
street system of gas pipes or water pipes, ov to have ; 
good laJ-ge " earth plate " buried iu a wet stratum. 
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The Fireman. 



You may pay any price asked for "black ^■ 

monds"; may have the best boiler in seven oounUea, 
autl a stack that will draw tire out of slate ; but if the 
llreraan doesn't know liia businesa you can't espect 
economical Bteam-makiug, One maa will thraw In 
coal half a wheelbarrow full at a time ; another will 
send it in with a small shovel, little and often. One 
will have a fire fifteen inches thict ; another will 
have his grate covered with the same coal, only about 
four inches. Cue will have a great heap in the cen- 
ter of the grate and the comers bare ; the other will 
have the layer over every square inch of Ihe grate, 
and thickest all around the edges so as to be saucer- 
shaped. One will keep the hand of the gauge dancing 
and jumping, and tlie damper flopping first one way 
and then the other ; the other will see that the index 
of the gauge goes where he wants it and stays there 
as long as he wishes it to. 

The first man will be a muscular fireman, able to 
toss any amount of coal (at your exx)ense) through 
the furnace door ; the other will be a brainy fireman, 
interested in sparing himself hai-d manual labor, and 
in saving you money. 

If you have a fireman who cannot do any better 
than to let the steam get low one hour and Wow off 
"■e oBxt, discharge him ■, \ie wou\i \« icM b.\. tRi\ 
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cents a, week. Whatever fireman you do engage, let 
him understand that after the first week tlie pointer 
is to be kept at a certain degi-ee on the gauge ; and 
that when it points to any other place it will point to 
his discharge. Let him understand thoroiighly Just 
what the special demands are for steam ; just about 
how groat and when he may expect them. After a 
week he should he able to keep things going smoothly 
and not have the power hammers or the dye tuhs wait 
for steam one hour and the safety valves blowing 
off the next. Damper regulator or no damper regula- 
tor, the fireman should either keep steam steady or 
quit. 

Ventilating Fan or lypctor. 

An employer never loses anything by making his 
men comfortable. There are cases wJiere the boiler 
room sets low, and the building is surrounded by 
others which prevent ventilation, where it will be 
advisable to have a ventilating fan or an ejector, to 
draw out the hot air or to throw in cold, as the case 
may be. In most cases, however, ventilating ap- 
paratus will suffice ; and it must be remembered thai'' 
too much ventilation must be paid for in the coal bii] 
Ihejtiste milieu, is not dit&cult to attain, 
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Fuels. 



There is very seldom any choice left to the power 
user whether he will use coal, coke, or wood. He 
generally starts out with the idea that one of these is 
cheaper than the others, and prepares for that. But 
in the matter of burning screenings and shavings, 
lignite, sawdust, oil, or natural gas, he generally has 
a choice. Sometimes he doesn't make a wise one. 
This is a matter which should be well studied out. 
As between good coal and good wood, a ton of the 
former is worth about two cords of the latter. The 
other fuels are generally supplied at rates which 
vary greatly according to purely commercial cir- 



If you waut to decide as to which of two fuels is the 
more economical, provide for each the grate which is 
beat adapted for it ; then arrange for the same boiler, 
or for two esactly similar boilers, to be used in the 
test; get the conditions exactly the same and make 
a run of not leas tlian ten hours with each {a week's 
run is better than a day's). The question of quickness 
with which the fire can be got up, and of speed with 
which it will run down, should be considered, as also 
the important one of liability to excessive local heat- 
ing of the plates^a common trouble with shavings 
and similar fuel. 
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Coals. 

Among coals, there is twenty per cent, difference 
to be found in those on the market in the same bin. 
Some huve more slate or dirt than othere, and some, 
outside of the slate wbich they hold and which can be 
readily seen, have much more ash. If the coal which 
will evaporate eight pounds of water per pound of 
^ coal costs t5 per ton, and one which will evaporate 
only seven pounds, under the same conditions, costs 
$4.75, the $5 coal caa be seen to be much the 
cheaper, without going into tho question, which will 
come up in larger cstahlishments, of the decreased 
number of men required to stoke, and the lower coat 
of getting rid of the ashes. 

Coal should be kept dry aud under cover, as it loses 
its heating properties by exposure ; and soft coal is, 
liable to spontaneous combustion. In buying coalsee 
that it has not been "stored" in the open air, particu- 
larly in tiie wet season. 



1 



Screenings and Slack. 

Screenings and slack require a special grate ; ancfa 
their price is generally adjusted pretty closely to theia 
actual value. There It usually a slight economy ia 
using them if the plant is near to where large s 
meats of coal cause great accuuiii\a.\i«yQS ol ^\a>J«.. 



Bavrdiist. 

Sawdust is extreinely difBcuIt to burn. If you have 
it oil haiic! in large quantities and must get rid of it, 
it will sometiniea pay better to bui'n it under the boiler 
than to go to tlie expense of cremation furnaces to 
burn it up. The trouble is that in most places where 
there are large quantities of sawdust, there is also a. 
plenty of slabs and other refuse of which it is just 
as important to get rid as the sawdust. In places 
whore the sawdust is a minor product, and the insur- 
ance companies require that it be got rid of quickly, it 
is well to burn notliiiig but it during certain hours of 
tlie day, and to rely upou the regular fuel the rest of 
the time. In such eases, all the sawdust that is burned . 
causes a direct saving of coal. 



Lignite is generally burned in districts where it a 
plenty and coal is scarce. It takes plenty of air space 
in the grate, and special handling in firing. The 
question as to which to burn, lignite or coal, seldom 
comes up. 

Oil. 

Oil can be burned perfectly well under steam 
boilers. It is a mistaken idea that the world is wait- 
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ing for a perfect oil burner. There are plenty of them 
which do excellently well. The only trouble is purely 
commercial. It takes a certain quantity of oil to 
equal a ton of coal. If that oil costs more than the 
coal it will not pay to hum it, and that is all thi 
to it. The Standard Oil Company burus oil uoder'J 
some of its boilei-s at times ; tliose times being when 
it cannot get therefor a price as great as the coal 
which it displaces would cost. 

Oil has the gi'eat merit of being very readily con- 
trolled ; you can force the steam fiercely or reduce it 
to a minimum, in very short order. Yon can keep 
tlie steam production at a given rate all day without 
touchmgthe adjustment. 

Gas. 

Gas shares witli oil the very desirable feature of 
high controllability. Whether it shall be bm-ned or 
not is generally a purely commercial problem which 
can only be solved on the spot. Oue man finds that 
it will pay him to substitute gas for coal, and his 
neighbor right opposite him finds that it doesn't. 
There is one way to find out : try it. When thi 
price of the one which you are burning gets liighe; 
than that of enough of the other one to do the same 
work, change. 

When an agent comes arouiil a.'niX.s&a^iwsMSowaJ'' 



i 



76 HDTTS TO POWER USBRS. 

ing fifty to seTenty-llve per cent, of your fuel bills by 
some attachment or otlier, 'politely show him the 
door. If lie talks only Sve to ten per cent., listen to 



Kinds of Engines. 

Of the various kinds of stationary steam eng'iaes 
used to generate power, we may malte several classi- 
fications. First of all vre may divide them into 
rotary, in which the piston rotates about its own nvis 
and that of its cylinder or case ; and reciprocating, in 
whjcli the piston travels to and fro lengthwise of its 
cylinder. 



Rotary Engines. ^H 

These are seldom used except where directly coupleil 
toapum|), fan, blower, or otlier mpidJy running ma- 
chine. Tliey have the advantages of being simple 
and easy rmining, besides which they save the ex- 
pense of shafting, belting, et«., wliere they are directly 
attached to the machine to be driven ; but as tliey are 
not economical of fuel, they are but little used as 
motors (in the strict sense of the word) for large 
powera. They are difficult to pack and to keep 
%ht. ^ 
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Rcciprocatiug Eogiues. 

Nearly all the steam engiuea used are in this type ; 
but there are many classes and sub-classea, For in- 
stance, tliey may be single acting, in which the 
steam acts on only one side of the piston ; or double 
acting, in whicli it acts on both sides. They may bo 
single cylinder, in which there is but one cylinder 
working upon the abaft ; or duplex, if there are two 
of exactly the same kind and duty. They may be 
compound, in case the exhaust from one cylinder 
goes into one or more cylinders, there to do additional 
duty ; or non-compound, if the exhaust does not so 
perform a second duty. If then- exliaust is condensed 
Dy cold water, they are "condensing"; otherwise 
they are nou-coiidensiug. They may or may not use 
steam expansively, although a non-expansive engine, 
used as a motor, independent of a pump directly 
attached thereto, is a rarity. If they do "cut off'' the 
steam so as to use it expansively, this cut off may be 
either fixed or variable (also called adjustable) ; and 
in the latter case the adjustment or variation may be 
effectable while the engine is running, or only after 
stopping it. If this adjustment of the cut off to suit ^ 
the load is effected by the engine itself, through ilsfl 
regulator or governor, the engine is said to be "auto-^ 
matic"; as are also, really, engines in which the 
governor I'eg-iilates the iniUa.\ s\jea.\tt \|-«sav«ft\-i^^.ft^ 
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of Ihe point in the stroke at which it is cut off ; 
allbougliiii this case the uame " automatic" is usuallf 
denied them, and they are called "throttling;" 
engines. 

There is a further classification into horizontal, 
vertical, and inclined, according to the position of the 
croHs-head guides, wliere there are any. If the crank 
is above the cylinder the engine is "inverted vertical." 

The cylinder may be fixed on a bed or frame, or it 
may swing on trunnions, in which case the engine is 
said to be oscillating. (This type is rare on land, and 
becoming scarce afloat.) 

Wliero the piston consists, instead of a head and rod 
acting on a connecting rod or directly upon a plunger 
or a piston, of a "trunk" or hollow cylinder in which 
vibrates a connecting rod, attached directly to the pis- 
ton, the construction is known as a trunk engine ; but 
this type is rare on shore ; as also is that kind in 
which the trunk passes through a stuffing box so 
that steam may be used upon the full area of the pis- 
ton on one side and upon a smaller area upon the 
other (half trunk type). 

When the connecting rod of ahorizontal reciprocatr 
ing engine on the out stroke passes under the line of 
the main shaft, the engine ia said to be " under run- 
ning"; if on the out stroke it passes over the line of 
the main shaft it is "over running," 

Where the counectlug roi o5 aa VnvexWS. ■lertMok 
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engine drives the crank tbrougL the iuiei-mediation 
of a lioriiontal beam, vibrating in a vei'tical plane, 
and of another connecting rod, the engine is of the 
" beam " class ; but the great " Centennial " Corliss 
engine is about the only example of this class that most 
persons have seen for driving factory machinery. 

A very important element of classification is the 
steam distribution . The valres which effect this may 
be slides, plugs, or poppets ; and slides may be sub- 
divided into flat, piston, or cylindrical slides, and 
rocV Talvea. 

The plain or flat slide may be unbalanced, in which 
case the steam in the ateani cheat by pressing against 
its whole upper surface (by which is understood the 
surface opposite to that which noiks against the valve 
seat), forces it against its seat causing considei-able 
friction— or it may be balanced m which case a large . 
portion of its upper surface is relieved from unbal- 
anced pressure. 

The cut-off mechanism may be either positive, in 
which case the governor never loses its connection 
with the valve, or " drop " cut off, in which case the 
governor delivers control of the cut-off mechanism to 
a weight or a spring, which effects the actual closure 
at that point in the stroke indicated and permitted t^ 
the governor. ^ 

We have here a host of diffieTenwa \ at T^fe'st ^ 
Jioet of lines on which ^fCerencea Twa.^ eim\. -, isxA.'^*' 
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same eugine maj be in a dozen dlEferent classes at 
ojico ; thus it may be au inverted, vertical, double- 
acting, oscillating, balanced slide-valve, automatic, 
detached cut<iff, non-compound, condensing trunk 
engine. 

Each distinctive feature has some reason for its ex- 
istence, is valuable in certain conditions, and may 
be detrimental in others. The intending purchaser 
should first acquaint himself with all the conditions 
under which the eugine which he intends to buy is to 
operate, and should tlien check off the effect of each 
of these conditions on the various features of each 
engine among those from whicli the selection is to be 

After stating the desirable features which an engine 
should if possible possess, Isliall rehearse the advan- 
tages and disadvantages of eacii of the principal types. 



Wliat Should nn Engine Be ? 

There are many good qualities which an engine 
may have, and most of which ai'o compatible with the 
others, althougli some of them are impossible to realize 
in a higli degree togetlier. 

Among tlicse desii-able qualities may he mentioned 
strength, durability, compactness, lightness, steadi- 
ness of running under varying pressures and loads ; 
ease of transportation, setUiig up, aiiQEXi!na\i\,, vos^ai- 



HINT8 TO POWER USERS. 

tioii, and repair ; difficulty of being tanjpered with by . 

' malicious pei-sona or injured by incoinpeteut oues j I 

ability to ruu at liig'h speed with but little fouudatioa, 

, and to maintaiu cool bearings when running rapidly ' 
I under heavy load ; low first cost ; economy of fuel 

] and oil, and possibility of being regularly I'un by a ' 

I person of conipamlively low gratle of intelligence, ex- i 

perience, and skill. | 
' No one engine can have all of these qualities. 

I "Wbicli of them has each of the various classes which ) 

"we have named! and what conditions call for each of | 

these qualities ! 



Throttling I^ngines. 

Thesehave the governor acting directly on a throttle 
I valve, so as to choke the steam down before stroke 
' end, wheu the load is light, and let it retain nearly Uie 

initial pressure when the load is heavy. The cut off is 

fixed and late in the stroke, so that the advantage of 
, expansive action it practically dispensed with. Such 
■ engines usually, however, govern quite well, and are 

characterized by simplicity in design and construction; 
I while for power under twenty-five — and many think 
i, forty— horse power, they can be used to advantage 
I where automatic cut-off engines would, by reason of 
, excessivB cost, be out of the micsUon. T\tf?3 «k* 

uauaUj' durable by reason ot theVr gveaX, aww^^viiirj 



I 
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compact; easj to set up, adjust, inspect, run, i 

pair ; not readily tampered with or easily injured 

through ignorance ; aro cheap to start with ; and 

almost anybody can run them somehow. i^ 



Automatic Cut-off Engines. ■■ 

In most cases, for powers of over twenty-five horse, 
theaeareanecessity ; atany rate wherethemachiuery 
requires close regulation, and fuel is high. They are 
not usually constructed to stand much abuse ; few of 
them are as coniimct as throttling engines ; they re- 
quire greater skill in setthig up, adjustment, and 
repair ; and many of them may he readily injured 
through malice or ignoi-ance. They should he put in 
the hands of good engine-runners, who should be 
made to understand that they are expected to produce 
and maintain steadily good results as regards steam 
economy, steadiness of running, and exemption from 
repairs, 

Horizontal Engines. 

These constitute the most usual tjrpe of stationary 

engines. They generally require expensive founda- 
tions, which add greatly to the first cost of the plant ; 
are not compact, wheu compared with the vertical 
type ; are usually conveniewl Vo ^e\. a\., '^TiiTO. the 
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nature of the reversals of direction wliioli occur at 
the end of each single stroke, they are not adapted to 
liigh speeds in upper stories, but are usually iustalled 
at the lowest possible convenieut point. In the very 
largest sizes they may give trouble from the cylinder 
wearing out of rouud and the piston rod getting out 
of center. 

Vertical JLiigiiies. " 

These are usually made in either very small or very 
large sizes, tlie vertical cylinder being chosen for 
small powers because the horizontal plan would call 
for too much floorspace for agiven amountof power; 
while very large engiJies are given vertical cylinders 
because the expense of foundations for horizontal 
engines of equal capacity would be too gwat, and tlie 
room taken up excessive. They keep their cylinder 
bores in good shape, aud retain the centratity of the 
piston rod in the stufllng box longer than horizontal 
ones of the same size and piston speed. Wear of the 
main bearings often tends to derange the steam dis- 
tributioQ by drawing the valves downward. 



Plain Sllde-Valve Engines. 

There are more engines with plain elide ^e.V>i«%'Oa»s^ 
with an f^ other class. These vaVvea ate <iaea.'5.*\«\-^*-% 
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durable, fairJy efficient as steam disributors, easy * 
compreliend, adjust, and rei)air, aud permit of tlie 
most siniplo methods of actuating them, of varjing 
the ^rade of cut otf, and of reversing the engine ; 
are particularly out of the way of malicious mischief 
aiid of accidental injury. 



Bock Valves. ^^M 

These valves have all the defects of plain, flat slide 
valves, in distribution, without the advantages which 
the latter have in the way of ease of adjustment and 
repair. Aslide valve is easily scraped, filed, or planed 
oS if it gets out of level ; so is its seat ; and the two 
newly trued surfaces, when put together, fit as perfect- 
ly as before. With the rock valve, however, wear of 
either the valve or the seat makes a difference between 
the diameters of the circles which should fit together, 
and steam leakage is the necessary consequence. The 
rock valve has, however, this advantage, that it i& 
easy to balance. ^yfl 

Piston Valves. 

The piston valve is coming into favor from its 
cheapness and the ease with which it is balanced. It 
fws tlie same defect wUicli l\ic »-ocV'»B.\'ja'\iaa,^>aiitt» 
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valveanditsseat wear to different circles; but a plain 
piaton valve is cheaper and easier to replace, wlien 
worn, than a rock valve, and the steam distribution is 
not changed by boring out the seat and inserting a 
new and larger valve, as happens with the rocking 
type. 



Plug Valves. 

The power user who is considering the question of 
buying an engine with plug valves — that is, one in 
which the valves are nearly cylindrical in outline and 
partially rotate on their tixes — must remereber the 
first thing, that it is to a plug-valve engine— that of 
George H. Corliss— that we owe the first really econom- 
ical use of steam by a high pressure, non-compound 
non -condensing engine ; and that plug-valve engines 
stand confessedly in the front rank as coal savers and 
steady runners. The plug principle enables the valves 
to be placed at the very ends of the cylinders, thus 
saving in waste clearance space ; and also readily 
permits the exhaust to be given a separate valve for 
its release at times, independent of the questions o 
admission or cut off. These advantages it shares wit] 
other classes of valves ; but nearly all plug-valve en- _^ 
gines have them in high degree. The axis of the 
valve being at right angles to that ol \Vfe c-sXysAk* 
permits the use of a most di;\ica\.tt ■tai,-vei-o\«>'«SJ»^'* 
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mechanism ; while the valve friction is but sli'g 
and a lai^ area may be quickly opened for steam 
inlet or discharge, and as quickly closed for cut ofT, 
by a very trifling and easily regulatable movement. 
The principle trouble with most plug valves lies in 
their wearing to a different diameter of cross section 
than the seats which they originally fit steam tight ; 
and excessive and irregular wear of the valve stems. 



Poppet Valves. 

The poppet or beat valve has been highly succes.sful 
for marine practice, where large engines are the rule, 
It has the advant-ige of giving immetise steam area 
■with but trifling valve motion ; a lift of one fourth 
the effective valve diameter giving an open annular 
area equal to that of the whole circular openirig be- 
neath ; thus a valve eight inches in diameter need be 
lifted but two inches to give it full discharge. Proper 
attention to details of construction will obviate the 
slamming which is sometimes noticed with the beat 
poppot valves. 

So far, however, the poppet valve engine is not a 
very important competitor for mill-driving purpoees, 
particularly in small sizes. Most of those which are 
in the field are excellent engines ; in fact the poppet 
principle practically precludes poor design or faulty 
'aastruction. 
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What is a Horse Power 7 

This is a, question which is asked over and over " 
again, and which seems never to get answered perma- 
nently, nor to have its answer so plainly slated as to 
be absolutely unmisunderstandable, Tliere is butone 
unit in British and American practice ; the equivalent 
of 33,000 pounds lifted one foot high in a minute. 
Not merely 33,000 pounds lifted one foot high, or its 
equivalent ; but the work must be performed in a 
minute. Ittakea no more powcrto lift 33,000 pounds 
one foot high in half a minute, than to lift it in one 
minute ; but it takes double the korse power. A 
horse power represenU not merely work, but work 
done in a certain time. A one-horse-power engine 
can raise 33,000,000 pounds a foot high in a tliousatid 
minutes, or 33,000 pounds a thousand feel high in the 
same time ; but to raise 33,000,000 pounds a foot high 
in one minute, or 33,000 pounds a thousand feet high 
in the same time, would require one thousand horse 
power. 

The size of an enpne has not all to do with its 
horse power. Its speed, tlie boiler pressure, and the 
point of cut off, have just as much to do with it. 
Thus an engine of 18 inches bore, with thirty pounds 
mean effective pressure (not boiler ■pve^Misft"^ ■^■c ^*^ib.vsi 
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inch,* will develop 100 horse power at a piston speed 
of 432 feet per minute, which would be 108 turus per 
minute of a 24-inch stroke engine. With only 15 
pounds mean effective pressure, and 108 turus, the 
same engine would g;ive but 50 horse jwwer ; with 30 
jMDunds mean eiTective pressure and 54 turns, only 50 
horse power. Now if the mean effective pressure for 
a given point of cut off was 30 pounds, with GO pounds 
by the gauge boiler pressui'Q, it would be only 15 
pounds with 22J pounds by the gauge ; and there 
would be 45 pounds mean effective pressure with a 
boiler showing 97i pounds by the gauge. So the en- 
gine which would be a 50 horse with 23t pounds boiler 
pressure would be 100 horse with 00 pounds, and ISO 
horse with 971 pounds. The hoi'se powers are not 
directly as the boiler pressures shown by the gauge, 
but are practically as the actual boiler pressures above 
vacuum ; the pressures above vacuum being found 
by adding 14.7 (or practically 15) to those shown by 
the gauge. Thus 100 pounds by the gauge gives 
only about 11 times the mean effective pressure (and 
consequently the horse power) which can be had 

* Honr to calcnUtQ tho meaQ eSeotivo pcoefiuro, as well t» over 
800 otiier praoticoL matters conccroing atcam enginsB of allkindB, 
in nnsvered in my Steaoi Engine Catechism, two TolameB in oue, 
pricQ $3.00. Hov to sot np, adjust, and ran all the priiidpal 
eni;iiiea iu the market, ia Inid in greiit delAil In my Engine Bun- 
aers' Csleelilanl, price $2.00. Botli are to bo had of the Pnic- 
Hcal PubliBbing Co., 21 Paik Row, Tl. 1- 
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fi-om 5l}"pouuds by the gau^; for 115-!-05— only 
1,77. The horse powera are directly aa the mean 
effective pressures, directly as the piston areas, and 
(lii-ectly as the piston speeds. Tliey are as the squares 
ijf tlie piston diameters; that is, a 36-inch cylinder 
gives four times the horse power (other things besides 
piston diameter tieing equal) of an IB-iDch. Mean 
effective pressures are not directly as the points of 
cut off ; thus, cuttiug olf at one- half stroke may with 
one boiler pi-essui'e give one and three quaHer times 
the mean effective pressure got by cuttiug off at one 
quarter, while with another boiler pressure it may 
give only one and one half times as much. 

I have gone mucji further into the technicalities of 
the steam engine than 1 would have done were it not 
absolutely necessary to show the engiue-buyep who is 
not " up " in the mathematics of the steam engine 
(1) that an engine horse power is a definite quantity 
involving time as much as mere push, pull, or lift; 
and (3) that the term " 100 horse-power engine " is so 
loose as to be a dangerous one to use. 

The moral is that in buying an engine to give a cer- 
tain horse power, the pui-chaser should stipulate that 
it should give that many horse power at a given num- 
ber of turns per minute, with a stated initial cylinder 
pressure, and with a specified point of cut off— which 
point should be about live-eighths sti-oke of an oi'di- 
narj s2ide-valve engine, and. Iraia ooa ^S!a.\K) "se*! 
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third — say one fourth. — of an automatic cut-off engine 
of any of the higher grades. The stipulation should 
also be made that this should also be done "non- 
condensing ;" that is, without the aid of a condenser, 
and with ordinarily dry steam. The contract ororder 
should also state very definitely that the horse power 
shall be " net " — that is, deliverable by the engine to 
run macbiuery, and exclusive of the power required 
to overcome the friction of the engine itself. 

As regards the so-called horse power of a boiler, I 
have expressed my views quite plainly and decidedly 
under the heading "Boiler Horse Power," p»age 63 ; 
while at the same time I have defined the now leg^ 
conventional standard. 



Engine Speed. 



This is one of the most mooted points in modem 
engineering. It did not come up in the time of Watt, 
nor indeed for nearly a hundred years after liis early 
engine-building days ; the great revolution in engine 
design and construction wrought by Sickles and Cor- 
liss tending to keep speeds slow by reason of the drop 
cut-off feature. But the introduction of positive 
governing engines, and the bold — in fact what then 
■ seemed rash aud audacious — attempts of Porter and 
others to reach out into piston speeds expressed by 
foar Bgurea, brought with it a ■u^^■« aai 'aa-^rai^Kcft. 
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question tor disciission ; two, in fact ; that of pistoa J 
Epeed, and that of rotation speed or number of tarufM 
per minute. 

The advocates of alow piston speeds based their ' 
arguments principally on constructive lines, alleging 
that high speeds called either for excessive cylinder 
length, which increased the cost and size of the en- 
gine, or for frequent reversals, which necessitated 
multiplication of shocks due to piston reversals. 

Those enrolled under the banner of high piston 
speeds showed the theoretical advantages of using the 
Bteam before it had time to be chilled fay the cylinder 
■walls, and proved beyond question that steam could 
enter a port and traverse a passage at rates previously 
supposed impossible. They met the charges of heat- 
ing the engine and racking it to pieces, by building 
en^nes which kept cool and ran quietly, under most 
exacting conditions, to the utmost satisfaction of all 
concerned, and won asubstantial victory by first com- 
pelling all makers of positive cut-off engines to speed 
np, and then driving the builders of detached cut-off 
both to piston speeds and to rotation speeds which 
they had all along been declaring^and bi 



The low-speed builders then relied upon superior 
regulation— as against which the high-speed makers 
urged the necessity for expensive shafting and belting, 
to bring the i-otation speed U-p \o fti»!t leopiK&fc ^-as 
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most machinepy ; meanwliile, beingdriven to improv- 
ing regulation, as the low-speed buildei-s had been 
forced to raising their piston speed and rotation speed. 
And so, like leapers in a contest, each has in turn set 
the goal further and further ahead — to the great ad- 
vantage of purchasers, who have been given better 
engines each year, and have been better protected 
than they otherwise would be by the guarantees whioh 
rival builders have been both willing and able to giva 
At last, after both sides acquitting themselves with 
glory, each has been brought to acknowledge, even if 
reluctantly, what the engine buyer has in the mean 
time seen plainly, that neither one should be carried 
to extremes, and that neither is adapted for all places 
alike, — that the ponderous, slow-moving engine is 
the best for heavy machinery running at slow rota- 
tion speeds and giving very sudden fluctuations of 
loads ; that ligliter, slow-moving engines, with a, fine- 
ness of regulation almost marvelous, will best di'ive 
textile machinery, paper machinery, and other loads 
where the load variations are not excessive, but where 
speed variations would occasion injury to the product ; 
that such loads as printing presses do well with quite 
high speeds and good oreven fairly decent governing, 
and that certain classes of electric light machinery 
call forengineg having the highestpiston and rotation 
speeds, and a ticklishncss of regulation which would 
be useless almost anywliece «\ae. 



Clioosing an Kngiiie. 

It is hard to advise any one about buying an engine 
without knowing all the conditions, One rule may 
be set down as a. Bofo one, — not to buy uew types as 
yet untried. As I said before, in another connection^ 
let some one else tlian yourself do the experimenting. 
Thia may seem hard on tlie inveotor, but in these 
"hints"! am looking out for the interests of the 
power user. There may be cases where a well- 
known builder starte out with a new type, to which 
he has been giving a great deal of time and attention, 
and which he will guarantee to do certain tilings bet- 
ter than those which he has been building ; hut as a 
general rule, an engine which has not been on the 
market for a couple of years is a good one to let alone. 
One thing sure, you are always safe in not buying it. 

As between a "plain slide-valve" and an "auto- 
matic cut-off," there is now seldom any question for 
moat situations. Under forty horse tliere may be 
many cases where it will pay to get aplain slide ; very 
few above that, where it is not best to buy an auto- 
matic cut-off, — or at least an adjustable cut-off. Tliei* 
is to be cousidered, not only the fuel, but the matter of 
regulation ; and even if fuel costs nothing, the engine 
which consumes the most steam requires the largest 
boiler, and boilera are not free in any part of the 
country tl"'t I J'ave got inlo ^eV, "^\\ws. ^ocfo* 
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mechanics aud engineers cannot be got at, as in min- 
ing' districts, the more simple the engine the better, 
as a general thing. 

In buying an engine always see to it that you have 
enough cylinder thickness to pennit at least two re- 
txirings ; that it is strong; enough to stand a higher 
pressure than you at first give it; anti that it has 
bearings large enough to permit of higher speed 
than you at first get out of it. The time may come 
when the extra pressure or increased speed, or both, 
will be much needed ; then there will be no trouble 
at all to give the engine more pressure, and very little 
trouble or expense to alter the pulleys for higher 
engine speed. 

The remarks which were made on page 95 as regards 
duplication of the engine, or having a pair of engines 
to do the work, so that one may he used in case tlie 
other is injured or not needed, should be borne in mind 
here ; and this is particularly the case where great 
loss or panic would be likely to result in case the en- 
tire engine power was shut down. Crippling a daily 
newspaper by reason of the only engine giving out, 
is a very serious matter, involving not only the direct 
loss caused by losing the sales of an edition, but indi- 
rect damage due to popular in'itation against a paper 
which slix)s an issue, no matter from what cause. The 
stoppage of an electric light plant which supplied a 
chupch or a theater mig\it \ie ttie ii\ri»i\. ca^ta^oE a. 
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panic v^iiich might prove one of tlie greatest i 
calamities. 



Two Euglnes or One ? 

Under the head of Emergeucies, page G7, I discuss 
the question of so connecting two boilere that either 
of them may be put out of service without the otlier 
being withdrawn ; and I incidentally refer to the ad- 
vantages of having moi'e than one boiler. Just now 
I have two aspects of the " two engines or one " ques- 
tion : one as regards the mere method of connection ; 
the other, and much the more important, that of 
economy and convenience. 

Two engines generally cost more than one having 
the same power as the two combined. In very large 
sizes the necessity of making special drawings, speci- 
fications, and patterns for a single engine larger than 
is usually called for, may run tlie first cost of one 
large engine higher than that of two having together 
the same power ; and the extra expense of foundation 
and erection for the "mammoth" may still further 
increase the difference in favor of the two instead of 
one. But taking it by and large, the customer may 
as well make up his mind that it will cost him more 
in first cost and in maintenance for two engines than 
for one. As against that, there is the advantage 
which increaaes with the numVicto^ (i'^'c^\\'^'is,NOw.'fiKi 
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would be thrown out of work by the stoppage of the ■ 
machinery, and with the net profit of the eetablish- - 
ment— of being able to run at least half the machin- 
ery, or all at half speed, if only one engine be with, 
drawn by accidentorforrepaira. Infact, many types 
of engine are cai>ab!e of having-their capacity doubled 
from that power at wliicli they show maximum econ- 
omy. Being made to do double the work, the steam 
economy may be greatly reduced ; but this may be a 
\Bry small item compared with loss of wages, where 
these have to be paid whether the machinery runs or 
not ; or with loss of profits when wages stop witli tha 
machinery. Failure to get a certain job done by a 
stated time may entail the payment of a considerable 
stipulated forfeit, or, what is the same tiling, may 
cause the loss of valued customera. 

It may be urged that as two engines have twice as 
many parts as one, tliere is more liability to break- 
downs with two tjian with one ; but against tliis it 
may be said truthfully that where there are two (prop- 
erly discoiinectable) there is better opportunity than 
'wliei'e is only one for fixing either one of them at 
once anything give signs of being about to go wrong. 
As soon as a thump ia heard, or a whifT of steam is 
seen at the stufiing-box, the engine thus offending (or 
offended against, as the case may be) can Im tbii.iwn 
out and fixed, and no one outside the engine room be 
the wiser. 
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Tliis assume the two engines to be so connected 
with each other and with tlie worlc that either may be 
thrown out without interfering with the establish- 
ment ; antl that this throwing out may be done by 
one roan, in a few minutes, and preferably while the 
good engine ia running. Such connection is not 
found in one plant in twenty, where there are two 
engines, yet it is simple enough. Where there are 
two engines, one right hand and the other left hand, 
driving a shaft in common, bearing one fly-wlieel 
between the two engines, theremaybea friction clutch' 
or other clutch between each crank and the common 
fly-wheel (which ia assumed to be belted}. Where 
there are two engines, each with its own fly-wheel 
belted to a common jack-sliaft, there may be two 
clutch pulleys on the jack-shaft, and throwing either 
of these out will permit the stoppage of the engine 
from which it takes off power. Throwing off 
tlie two main belti^ would accomplish the same i-esuit, 
but with heavy belts this is a difQcutt and even dan' 
gerous operation, and getting the belt on again is nc 
slight task. 

Where there is no jack-shaft, but the two enginei|< 
drive two pulleys on one end of a line shaft, a clutch' 
between the two pulleys permits throwing out that 
engine which is toward the end of the shaft. 

Where the pair of engines is at or about tli 
ter of length of a long main line, a.\\i\X\cteSaTvv>=sM5;-- 
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shaft it is comparatively easy to throw out either eod 
of the line by breaking a coupling joint betweeuthe 
two driven pulleya, and this will permit drivingone 
end of the mill while the other rests. Compressira- 
huh pulleys also give good facilities for throwing out 
either engine in such case ; and where either engine 
alone cannot give out enough power to drive tliB 
whole mill, the establishment will have to be Uius 
hrolieu in half down the middle, as far as drivingis 
concerned. 

Disconnecting either engine at the crank-pin b not 
practicable while the eugiue is running, aad does not 
permit doing anything to the crank-pin or the main 
journal and bearing ; besides which it requires tbe 
serviees of more than one man, on an engine of any 
size, and some engines are so unfortunately propi»- 
tioned thiit the counectiug-i-od must be disconnected 
at both ends in oi-der for the crank to clear it. I 

Take it all in all, in most establishments using from 
100 horse power upwaiil, it will be fouud advanta- 
geous to provide two engines instead of cue ; and 
whenever there are two engines, either one must be 
disconnectable without throwing out a single machine 
unless desired. 

GovernOP. 

There are some types of engine which permit the 
buyer to have his choica ol gov^vnota. "taeM,^<aaiafc, 
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lie sellerof the governor should be made to give such 

^arantee ss to speed, the same as has been already 

I down ; and the builder of the engine should 

3ally be released from auy responsibility in the 

I ter, particularly if he does not recommend the 

selected. 



Piston Packing. 



1 



^ a general thing the builders of an engine put in 
that packing wliich they find will do creditable work 
tlierein. If they sell you their engine under guaran- 
tee they are interested in having a good packing, 
for a poor one may waste ten to fifteen per cent, of 
the steam either by letting it blow through or in 
escessive friction ; which latter not only costs money 
for steam but calls for reboring the cylinder too soon. 
Aa with other matters, don't try many experiments 
with piston packing. See that what you have i 
properly adjusted. If it can be adjusted by hand se 
that it is set out just far enough to prevent steam from 
blowing' through (which the drip cocks will show very 
ao6n) and yet that it is not set out so far aa to add to 
the friction of the engine. 



The engineer 
About 



Rod Packing. 

bothered to death with rod-^ackl&^B 
half oi the pateia^. ^jaOe-tv^ -iT 
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the market are not worth the paper that it takes to 
wrap them up. For small engines good Italian hemp, 
braided up with htack lead and tallow, will do good 
service at little cost ; and even iu some large onesliaa 
been found to do as well as many of the palaul 
affairs ; but for large engines it is well to use sows 
one of the best known patent or specially-made branilt 
The rule for tightness is the same here as for pialm 
packing : it must just barely not permit blowing 
through. Any exti-a tightness beyond that point 
simply means extra steam taken to overcome the extra 
friction and increased wear of packing and rod. Tliew 
should be no leaks or puffs of either steam or watw 
from cither the piatou-roJ or the valve-rod stuffing 
box ; each should give no signs of the rod playing 
through steam on one side and air on the other. 

Fly-Wheel. ; 

Don't be afraid to pay for a good big fly-wheel. 
The builder who has to guarantee regulation, will ba \ 
only too glad to let you down easily in the price of the 
extra fly-wheel metal. The increased friction on the 
main bearing due to the increased weight, is much 
less than is generally supposed ; and there are few 
plants whei-e the increased steadiness of regulation 
will not be appreciated. This will be especially the 
case in electric light p\anta, m ^v^t ot ?uM.t -mvHa, 
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■Xtad in silk or other textile mil la , whore gijod rcgnla- 
itiou is ahsolutely essential to good product, Tlie 
function of the fiy-wlieel is to slow up llie engine 
■when it commences to run too fast, and to help it 
along if it lags. It tends to run at a uniform speed hy 
•reason of its momentum or inertia. If the load 
remains the same and the steam pixissure iiicreasoa, 
the fly-wheel ahsorbs a great portion of the excess, thus 
making a trifling increase of speed out of what would 
otherwise bo a marked basteuiug. If the load remains 
the same and the pressuj-e decreases, the fly-wheel 
gives out sonie of the power which it has absorbed ; 
thus very materially lessening the slowing up which 
•would otherwise occur. If tlie pressure remains the 
^eame and the load increases, the fly-wheel, by its 
momentum, tends to keep the speed up to the standard. 
If the pressure remains the same and the load de- 
creases, the fly-wheel, by its inertia, tends to pi-cTent 
the engine running away. The lighterthe fly-wheel, 
the more a given variation in load or in pressure will 
affect its speed, and the more the governor will have 
to do in the way of controlling the steam pressure or 
its point of cut off. 

An engine with a very heavy fiy-wheel may take a 
few more revolutions to attain its normal speed in 
starting up, and be a little longer in sto]>ping when 
tlie throttle is closed at shutting down time, than one 
with a lightor wheel ; but t\ie nmvfc Wu^ \^ ■«», '^'*» 



more closely the fly-wheel will keep to its standard 
speed despite variations in load or pressure, once it is 
saturated, as it were, with power. 



Throttle Valve. 

This seems a small item, but if your engine started 
t ) run away and you found that you could not shut 
it down by reason of the throttle valve sticking wide 
open, you would think that it was very important 
It is well to have one which shuts with the pressure ; 
in fact it is best to have two, one of them of a quick 
moving type, which will permit it to be shut off right 
away, almost with a single motion of the arm, and 
the other of the ordinary kind that requires several 
turns of the wheel to close it. 



Condenser. 

If you have plenty of water, it will generally pay 
you to put in a condenser when you first start out, 
making allowance for its capacity in increasing the 
power of the engine. If the load gets too heavy for 
the engine and there is plenty of water, it will 
usually pay you to add a condenser. But if your 
engine b loaded just right for the work it ia doing. 
yon will sometimes find that the condenser, so far 
from increasing the economy, ■w\\\ \nirreasft the coal 
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bill. In tliis matter, be guided by the advice of an 
expert not interested in the sale of condensers ; and 
do not ask his advice unless jou give liini proper 
facilities for baaing; advice ujkju. A regulai" test 
should be made, showing what the engine is doing ; 
this should be compared with what it is expected to 
do ; and these facts, taken into connection with the 
boiler capacity and duty, will govern the expert iji 
his deductions. 

Where you have to pay for the condensing water, 
make a contract for some years ahead, with option of 
renewal, or you may And yourself in the position 
of having to pay a dollar and a quarter to save a 
dollar. 



Compounding. 

Compounding, like adding a condenser, may or 
may not prove economical, according to cireum- 
atances. A compound engine may save coal right 
along without increasing the repair bill very greatly; 
or it may save but a very little and run you in for two 
kinds of extra coat. And tliere are cases where a 
compound engine will eat more steam than a non- 
compound. Compounding very small engines is out 
of the question ; the extra complication and cost of 
tlie engine more than offset coal saving, should there 
beany. 



i 



104 HINTS TO POWEB USEBa 

Of course it is understood that a compound engine 
may or may not be condensing; and that a condenser 
may be added to either a compound or a non-com- 
pound engine. 

The matters of compounding and condensing can- 
not be decided by horse sense, nor by what is usually 
called ** practical experience"; nor will any general 
rule enable even the initiated to decide the question 
off-hand. Each case must be settled on its merits, 
and with a full knowledge of all the conditions ; and 
must be decided by a professional engineer. No mere 
starter and stopper, no plain engine-runner, can ap- 
proach it properly. Even the average professional 
engineer often finds himself in a quandary when 
these subjects come up. Tf he does not, he should. 

As this book is not for professional engineers nor for 
those studying to attain professional knowledge in 
that line, I do not attempt here to discuss the elements 
which should govern the choice. SuflBice it to say 
that they exist, and are many and various ; and that 
due appreciation of the kind and amount of influence 
exerted by each, calls for a high degree of knowledge 
and judgment. 



Exhaust. 

For non-condensing engines in cities it is well to 
^ an exhaust head, which is a species of muffler 
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that deadens the noise of the putFs and carries the 
drip quietly away instead of letting it stray about mid 
scald people. lu Eomo cities the uae of such an appli- 
ance is eompulsory. 

Under no circumstances let the exh ust d s 1 arge 
into a brick stuck or ilue, as it will I nt rale tlio 
masonry. For the same reason t la w 11 not to dis- 
charge it into a brick aewer. In the latte ase there 
is the additional disadvantage of its encouraging 
further decomposition of the suhstancea which thu 
BBwer is supposed to carry away. 

Bemember that the eshaust is a good indication of 
what your engine is doing. If it is " free," that is, if 
it discharges into the open air without the interven- 
tion of a coil of heating pipes or a condenser, a feed- 
heater or an exhaust head, the softness or the shari>- 
ness of its puffs indicate the absence or the presence of 
causes which produce back-pi-essure on the engine. 
A barkixig exhaust is a watch-dog, calling your atten- 
tion to a thief who is making way with your money. 
Where there are regular puffs, at varying rata? of 
speed, the engine speed is irregular ; the valve may 
be set all right, so that the distance between any two 
consecutive puffs is the same, but the number per 
minute varies from time to time. It the barks come 
in sets of two or of four, like the footsteps of a canter- 
ing horse, the valves are set badly, and the engine 
jDsy be doing most of its wot\t otv oti^ awft., "S^RfX, 
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gentle puffs, at regular and equal intervals, are the 
best sound, usually showing that the pressure at dis- 
charge is low, the valves properly set, and the fly- 
wheel and governor doing their work properly. 



Safety Stop. 

There are very few plants where it is not best to 
have a governor with a safety stop, by which, if the 
governor belt breaks or other similar accident hap- 
pens, the engine will not run away, but will be stopped 
at once. Many of the high grade engines on the mar- 
ket have such safety stops ; and I am of the opinion 
that there should be a law compelling their adoption. 
The running away of an engine may wreck a build- 
ing as completely as the explosion of a boiler. Manj 
establishments have safety boilers but very dangerous 
engines. 

Indicator. 

On any engine from forty horse power up it will pa3 
to have an indicator always on hand, if not always ii 
place ; and the engineer who cannot take cards fron 
it should be discharged and one got who can ; du( 
attention being paid to the fact that the man who car 
take cards and read them pi^operly is worth mor< 
than the one who can't. Cardh should be takei 
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every day at least twice, where the engine is over 
forty horse ; and where it is over one hundred, it will 
be wel! to have them four times a day. 

Where the power given out is about the same, year 
in and year out, it will pay to give the engineer a 
certain percentage o( the saving in fuel ; that is, if 
the engiae builder's guarantee, combined with that of 
the boUer maker, calls for an indicated horse power 
with four pounds of coal per hour, let the engineer 
have half or some percentage of all saved below three 
and three-quarters pounds. 

The indicator will tell you more in five minutes 
about your engine and about the machines which it 
drives than you can learn in any other way in five 
hours. 

It is well to call in the services of an expert, from 
time to time, to see if the engineer is keeping things 
up to standard, and if tlie machinery is doing aa it 
should in the way of ease of running. The engineer 
may be very capable about the engine and yet not 
quite up in the niceties of how to find out the power 
consumed by any given loom or other machine ; and 
besides this, the indication by an outside party will be 
a check upon liim. A capable engineer will invite 
such criticism ; a slouch or a conceited ass will resent 
it. When cards are taken it should be stipulated that 
both the engineer and the expert shall take them ; 
and that each shall haveViaVl oi 'Oafto'Cns;t^%«yKt*>a -^ 



lie wialies them. The engineer or the expert who 
refuses this will be a good mail to let olons. (In this 
connection read the remarks on the Dynamometer, 
on page 141.) 



Oil Cups. 

The old story, ' ' For want of the niul the shoo was 
lost, for want of the shoe the horse wtis lost," is paral- 
leled in the case of the oil cup. A poor cup can do 
much to ruin an engine or a machine ; a good one do 
much toward btinging it up to the highest standard 
of duty. In this matter do not try espet-imenls 
rashly. You may try one cup against another in 
some place where lieating will not do serious damag« ; 
but don't fit out all the way through with any untried 
cup, no matter what is promised for it. If the new 
cupsarebetterthantliQ old ones, it may pay you to tais 
off the old ones and put on the new ones. If they are 
not better, there will be no advantage to you in trying 
the new ones. It never pays to take a risk, however 
slight, unless you ai'o paid to take it . 



Sight Feed Lubricators. 

The invention of these has been a great blessing to- 1 
the engineer and to the engine owner. Tliere ars I 
many good ojies and some vi\»\cU atetiiAEA'Vi'jQ.tci^'^ 
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at a cat. G«t some atyle which you know to be used 
in establishments proverbial for their good condition 
and economical rmiiiiag ; and see that they get good 
oil. Paying two dollars more for a lubricator will not 
always enable you to save half your oil bill, uor to 
run with poor stuff that has neither body nor anti- 
friction quahties. (Oils and gi-eases for lubricatioa 
ai-e treated under a separate heading, on page 136.) 



Engine Room. 

As to the engine room. Do not get the idea that 
any place at all ia good enough for the engine and the 
engineer. Particularly, be generous in the way of 
light and air. No man can do good work for a long 
time in an unfit place. The engine room should 
have a high ceiling and abundance of light, pi'efer- 
ably from the side ; and if plenty of fresh au- does 
not come in through windows, make arrangements 
for getting it in through some other channel. The 
walls should be of a light color; the floor aliould 
be a good one ; and your engineer should be made to 
understand that be must keep evei-ything in the room 
clean and bright. He should have a desk and writ- 
ing materials and a good locker, and be made to feel 
that good work ia expected of him and that no one 
will be a/lowed to meddle w"rt\iU\m. 
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The Cost of Your FueL 

If you are producing some one kind of product, as 
flour or textile fabrics, paper or rails, figure up at 
the end of each inoutli how much fuel aud how much 
oil it has taken per thousand yards of cloth, per hun- 
dred barrels of flour, or per hundred tons of rails. 
This is, of course, au element of cost which you should 
know ; and in case of a rise or a fall in the price of 
fuel you can be governed by it. Besides this, if the 
amount changes from mouth to mouth,— and particu- 
larly if it increases with the advent of a new engineer 
or a new flreman,— you should let yourself be heard 
on the subject. (See under head "Log Book," 
page 129.) 



The Engiuti Giiuncr. ^V 

It is the engino runner's place to keep the speed of 
the engine steady. If you have a good engine aud 
governor it will do that itself ; but if you have not, 
he must watch the cut off aud the throttle, and per- 
haps the governor, to see that the speed indicator 
shows regular turns all day long, evei-y day in the 
week. He should be allowed a reasonable time to et 
the hang of the work ; be told in advance about when 
the greatest special demand for power will come, and 
about bow much it will \je. li te \vua 
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be can. soon, post himself thoroughly as to what la 
coming and when it is expected ; and should then 
govern himself accordingly or quit. 

In hiring an engine runner get one, if you can, 
■who can make his own repairs ; but remember that 
you hire him only as an engineer, not as a machin- 
ist. Let his ability as adjuster or machinist or car- 
penter, or whatever trade knowledge he may possess, 
be reserved power ; don't make him a man of all 
■work, to tighten all the belts in the establishment, 
and do the steam fitting, and cut bolts, and grind 
planer-knives, and mend holes in the tin roof, and 
paint the ofBce-walls, and all that sort of thing. If 
you do he will be very apt to neglect his engine either 
intentionally or by reason of being everywhere except 
■where he should be ; and some day you will have the 
crank pin seized fast, or the cylinder head knocked 
out, or the fly-wheel off with a bang through the roof 
and walls, and you will wish thai-you liad let the 
engineer stay where he belonged. My adviee is to 
get a man who can do more than merely start and 
stop his engine ; then, save his extra powers for an 
emergency. 

As to wages. Pay your engine runner what is 
ri^ht; and at Cliristmas, if he has been faithful and 
economical, see to it that a fat turkey finds its way to 
his house ; and at other times show l\.HQ.t\ia.i^^wa. Aia 
not consider the arrangement betwfeKO. ■^oa. %&was^^ 
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SO much work and no more for so much cash and no 
more. 

Take a paper devoted to power, and after you have 
read it let the engine runner have it to file in the en- 
gine room 



Wind Power. 

The fact of the windmill having been one of the 
earliest motors leads many to imagine that it has no 
place in the economics of the present progressive 
day ; but it still offers a convenient and inexpensive 
power for certain purposes, — as pumping water, — ^and 
there are many steam plants where it would pay to 
put in windmills for this purpose, because under most 
conditions wind is cheaper than coal. The evolution 
of the storage battery, by which electricity may be 
generated when power is active and used when it is 
passive, gives the windmill a chance in the electric 
lighting field. 

The windmill may be relied upon in most localities 
to average eight hours of work per day ; and can be 
used for two classes of work— those like pumping, 
wood sawing, feed cutting, etc., where intermittent 
work is satisfactory ; and those where accumulation 
is practicable, by pumping water into a reservoir, 
compressing and storing air, and driving dynamos 
which charge accumulators (storage batteries). 
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Workiiig an arerage of eight hours per day. 
with wind at sixteen mUes an hour, an SJ-foot wheel 
has raised 3.016 gallons of water per minute, or 1447 
gallone in the eiglit hours, 50 feel high; beingailutyof 
0.04 useful horee power. A 16-foot wheel raised .SI. 654 
gallons a minute or 13,194 gallons in the eight lioura, 
the same dislaiice; equalloa work of 0.41 horsepower. 
A 35-foot whet;] raised 106,964 gallons jter minute, or 
51,343 gallons in eight hours, tlie sanie height ; the 
work done being 1.34 horse power. 

Counting as items of cost, interest at five per cent 
per annum on cost of windmill, pump, and tower; 
repairsauddepreciation another five percent.; attend- 
ance and oil, the S^foot wheel cost 15 cents per hour 
per horse power ; the 16-foot wheel, 5.9 cents, and the 
25-foot wheel 3.3 cents. 

Averaging results the windmill has been shown to 
be about fifty per cent, more economical tlian the 
steam pump, even when no charge is made for atten- 
dance and boUer capaoity for the latter prime mover. 
—{Wolff). 

Water Power. 

While steam is the niotive power ^r exeeltence of i 
the present day, we niust not foi-get that many of oi 
busiest and most wealthy communities have built Vfi 
their tmpoi'la.nce and prosperity, by reason of tlut 
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water power wliioh drove their mills and tacton* 
While many of tliese water power mills are puttingi" 
steam aa an aiiiiliarj', owing to the falling away, tli^ 
unreliability, or the insnfficieucy, of the water supply^-., 
the makers of water mills are busier than ever, an^^' 
countless thousands of power plants now have, as tliey 
will havein future, water as the only motive force. 
It is then desirable to consider what conditions are 
favorable to the use of water power ; what water 
motore are offered, and how they should be chosen 
and used. It is also well to look into the question of 
combined plants — where steam is used as auxiliary to 
water power — in time of di-ought or of low water. 



Water WheeL 

Those water motors which always have their axes 
horizontal, discharge the water on the same side as 
that on which they receive it, and ai-o comparatively 
slow moving (generally called water wheels) are 
divided into overshot, in which the water falls upon 
the radial buckets at a point above the highest part 
of the wheel, aud as the name implies shoots over the 
wheel ; breast, or middleshot, in which the water 
strikes about mid-high and goes under; and under- 
shot, in which it passes under the wheel, acting by its 
cun-ent only, instead ot, a.^'m \.\ie oW\ft'c tsas«^. Bating 
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by weight and impact. In iindershots tlie sheet 
water is kept close to the wheel by a curved apron. 
Tlieao wlieels are best adapted to utiliziug lai 
Tolunies of water at slow velocities or having 
slight head ; and go best in mills requiring slow 
shaft speed, as for Ligh Bpeeil machinery the cost, 
eomplication, friction, aud liability of breakdowns is 
increased by the necessary sjweding-iip gears. 



1 

but^ 
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Turbines. 

Water motors having conipa.rative]y high-speed 
motion about a generally vertical axis, wliich dis- 
charge the water on the side opposite that at which 
tbey receive it, and whicli act by the impact of the 
water, and by reaction, are called turbines. They ai'e 
now often set with horizontal axes, particularly wliere 
two are used. Tliey are particularly adapted to high 
beads and small volumes of water ; a comparatively 
small motor often yielding a surprisingly great power; 
thus onel2J inches in greatest external diameter yields 
47 horse power under 354 feet head ; the water hav- 
ing a velocity of 115 feet a second, and the wheel run- 
ning 3300 feet a minute, 

Some turbines are noted for yielding verj' high duty 
when the water supply is full, but are uneconomical 
when the water is limiteil ; othei-s are just the other 
vray ; while some, again, l\'j.vc a ^a\v fe^i;\it\\'ii -osv^-t 
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almost any set of conditions. Some, again, have but 
low duty, yet are so strong and simple as to be prac- 
tically unbreakable and uuderaugeable in use. A 
Minneapolis mill owner once said to a turbine manu- 
facturer wbo vaunted tlie high duty of his wheel, 
" I don't care anything about duty. I have water to 
sell and water to give away. What I want is a wheel 
that wililetasaw-Iogrun through it without breaking' 
the wheel." 

Tlie power user who contemplates using water will 
see that common sense and a knowledge of the con- 
ditions should be his principal guides in selecting a 
wheel. 



Governing "Water Power. 

The attachment of a governing device to a wat^ 
wheel proper (overshot, breast, or undershot) is none 
too feasible ; but turbines are in this respect very tract- 
able, and may be (although they seldom are) governed 
nearly as well as steam engines. By reason, however, 
of the fact that the small sizes are nearly as economical 
in waterper horse poweras the large ones, and that few 
of them, largo or small, are as economical at one 
"gate" or amount of water supply as at another, it b 
often best to have two or nioi-e wheels, any one of 
which may be tlirown out at will, by hand. Tims a 
30-hoise and a BO-horso w\\ee\ v,-™ ^vie SQ, 50, or 80 
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horse, at will, with full gate; at less gate for one or 
tiie other there may be given 20, 30, 40, 50, 60 or 70, 
horse. A set of 30, 40 and 50 give at full gate, 30, 40, 
50, 70, 80, 90, and 140 horse ; and at less gale for onm m 
or more, anything from SO, or even 10, up to 139. H 



Combined Power. 

So many of the water mills in this country are 
supplementing their water wheels or turbines with 
steam engines that the best method of coupling these to- 
getliei- and governing tliem has begun to be studied by 
millwrights and engineers. We assume that every tur- 
bine requires a governor, but very few water wheels 
are thus supplied ; and this being the case it can read- 
ily be seen lliat diminution of the load, without any 
lessening of the water supply, throws on the engine 
governor the entire duty of goveniing. Thus, if the 
water wheel is supplying 300 horse power and the en- 
gine 100, and the load drops from 300 to 250, the engine 
has to be cut down to 50 horse power, or 50 per cent. 
lessening of power for IQf per cent, lessening of load; 
while if the load be cut down to 200 horse powei-, the 
engine must be completely thrown out ; a reduction of 
100 per cent of power for only 33i per cent. less load. 

Also suppose that the load remains constant at 300 
horse power, and the water supply drops from 200 
horse power to 150; the en^ne \s ftiat la^j^ -«>if3Ek. 
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to supply 150 horse instead of 100; an increase of 
EO per cent, in engine power without the real load 
tiftvitig; increased at all. 

Without going into mechanical and technical d^ 
tails, which I have attempted to avoid all through 
this book, the power user can see that the problem of 
governing a combination of engine and turbine 
wheel is more difficult than that of controlling the 
power and speed of either one of these motoi-s alone. 

The best way is to rely very largely upon tlie plan 
spoken of under the head of " Turbines," page 115; 
having two or more wheels or wheel sections, and trim- 
ming down or opening out on one of these at a time 
by hand for coarse adjustment; leaving to the engine 
governor the minor regulation. Thus if the wheels or 
wheel sections were of 50 horse power each, at a 
certain head and pressure, and 60 horse power was 
withdrawn fi'om the load, cut out one wheel and let 
the rest run at full capacity, trusting to the engine 
governor to reduce the engine power ten horse. If 
the head lowers gradually, (1) trust to the engine gov- 
ernor's quietly opening out the throttle or making 
the cut off later, up to that point at which the engine 
worked uneconomically by reason of excessive load, 
and then throw in another wheel; or (3) throw in 
another wheel and let thegovernor cut back (up to the 
limit of low economy from under load), letting 
engine gradually open out as ftveNfaXfttXsynewji^ 
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Here is a case where the engine runner must be of 
a high order of intelligence and competence; for be 
must know what are the engine's limits of economical 
working, and what are those of the wat«r wheel ; he 
must know the coat of ten horse power, and of a 
hundred horse power, produced from coal op wood and 
(i-om water, and must, between two evils of low duty, 
choose the least, at the same time not losing sight of 
the fact that in many mills and other establishments 
regularity of rotation speed may be of even more im- 
portance than fuel saving. 

Here is where the advantage comes in of having an 
engine runner who can use the steam engine indicator, 
and of having such an engine runner keep a daily or 
even hourly log book in which the liorse x>ower and 
theefficiency of each motor are entered for comparison. 



Electric Motors. 

The electric motor has an excellent chance to win 
for itself great popularity and success. Whether it 
does or not depends more on itself and its owners 
than on power users, who are more than favorably 
inclined to it. Some one once said that almost any- 
body could sell a man a heavy overcoat in December, 
but it took a very smart salesman to sell one in July. 
The idea is that people readily buy things which they 
reaJJj- need, and those in lavit qI ■^Vv'^ '^'s^ «^ 
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favorably disposed. The electric motor is one of 
those things which people like and need. It is clean, 
quiet, compact, and not bothersome ; will go in al- 
most any comer of floor or ceiling, or fit ou a shelf. 
The only things that the power user has to consider 
is, " How much is my power going to cost me a year, 
and will the thing run exactly as I want it, whenever 
I need it ? " 

The question of dollars and cents is readily settled 
by any one who knows how much his steam power 
costs, asking an estimate for a motor to run the same 
plant the same number of hours a day, and compar- 
ing the two. This is a case where I can say little or 
nothing. Each establishment will have to be esti- 
mated on separately. Both factors — particularly the 
cost of the steam power— are very variable. 

Where the engiu.- and boiler (or the engine with- 
out boiler, where steam is taken from a st«am supply 
company) require a separate attendant, the advantage 
is more apt to be in favor of the electric motor. 
Where the engine and boiler receive scant— although 
perhax>s suiBcient — attention from some one who does 
not draw wages for such work, and whose general 
usefulness in other ways is not impaired by such 
attention, the motor will have to stand more purely 
on its own merits is p.ivini; the smell, heat, noise, 
and iiM -hich in great't' ui- Ikss degree charaoteriae 
tilt* use of steam pow«r. ^^| 
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There are liaiilly any two cities where Ihoae furnish- ^^ 
ing electric power charge the same price per year for 
hoTSB power. True, the price of steam power varies 
also ; but the liniits are generally $50 (perhaps t40) 
per year per horse power for large amounts, and tlOO 
per year per horse power for small ones. The extremes 
for electric power certainly vary more than this. 

Renters of electric power for elevators must remem- 
ber that some makers of dynamos and motors, and some 
power supply companies, "bull "their stock by the 
statement that such companies can actually rent more 
power than the maximum which the dynamos can 
furnish ; the idea being that elevators are charged 
with the power requisite to make the up trip, loaded, 
and that on the down trip the elevator becomes a 
source of power, reinforcing the supply current by 
an amount equal to all the weigtfi lifted, so that of 
^the entire amount charged, all is restored except that 
used in ovei'coniing friction in the motor and machi- 
nery, and internal resistance in the former. 

Electric motors do away with all work and dirt 
of handling coal and ashes ; and are essentially 
" top story motors." They are free from smell and 
should be from noise ; the danger from shock is 
largely mythical and not to be named in connection 
with even the slight danger from explosion of a small 
steam boiler ; little or no skill and intelligence is 
reguired torun them ; they stavl o\).\,a.\.wiCftVi.^\NiS\. 
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power and cost nothing (but perhaps interest and 
insurance) when lying idle ; require no pipe or flue 
connections, and altogether should prove the motors 
of the future if the dollar and cent part of the prob- 
lem can be made to ooine out right. As I said be- 
fore, that must be worked out separately for eacll 
particular case. 

Gas Engines. 

Tlie gas engine — which uses the force produced by 
the enlargenicnt of volume that takes place when 
gas and air combine in burning — exists in many 
forms, some of which are complicated and fairly eco- 
nomical of gas, and some of which are extremely 
simple in construction but wasteful of gas. Tliere are 
a few which are so simple that, if they are run accord- 
ing to instructions, any careful and intelligent but 
unskilled attendant can keep them in good order. 
The greatest disadvantages of all gas motors are in- 
separable from the principle of having the fire in the 
engine instead of under water in a boiler, the necea- 
sity for the employment of very large cylinders foi- a 
^ven power, and the impossibility of reducing the 
waste of power by friction down to anywhere near as 
small a proportion of the entire power generated as in 
the steam engine. The necessity of employing a water 
jacket, with cold water circa\a.Uo\i,\a ». fiasafi-i^i^iXii^Ri 
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which it sliares with some hot air engines, without 
however, experiencing, as the lUitter do, a waste of 
heat from this cause. 

Where power is used intermittently and the periods 
of rest are long as compared with those of work, the 
gas engine is a desirable motor, as it burns no gas 
when not running, yet may be started up to full duty, 
or completely stopped, in a few seconds. Tliis quali- 
ty it shares with electric and water motom, and 
those hot air motors which burn gas. Where run 
nsost of the time, however, the much greater cost per 
horse power for gas over that for coal makes a small 
steam engine, or some other motor, preferable. The 
noise and smell of some gas engines are verj- objection- 
able when tlieyare placed where this element has any 
importance. Tlie gas engine being single-acting is 
another reason for its being so large and heavy for a 
given power; this feature necessitating not only that 
the cylinders shall be double the size required for 
double-acting engines, but tbat the fly-wheel be much 
heavier, A pipe for the gases of combuBtion should 
on no account be omitted. 



Hot Air Engines. 

Hot air engines, often called caloric engines, do in 
one sense just what the gas engine does, except that 
tbej' use coal oi" coke instead oi gaa «a a. ^■i'^- "Vo- 
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another sense most of tliem act as steam ensines do, ^H 
as the gases of combustion do not enter the cylinil^i ^H 
but air is heated bj the fuel just as water is heated in^H 
the steam boiler There is no explosion as in g^^f 
engines. Wefindinallhotairengines the disadvan- ^ 
tage that they require au air pump nearly as large U 1 
the working cylinder. Only those act economically 1 
which compress the air considerably. The size neces- 
sary for a given horse power is very great and lubrica- 
tion of such hot machines in difQcult. Those whicli 
burn coal or coke cannot be started and stopped so 
readily as gas engines. Of course they can be used 
where gas, electricity, or water is not laid on, as would 
be required for gas engines, for electric motors, or 
for water motors. Few require circulation water. 
Where coal or coke is used, there is the nuisance 
of bringing in the fuel and removing the ashes, 
and of course a fire requires attention, while a gas 
jet needs none. Those which use coal or coke give 
off little or no smell. All require pipes for the gases 
of combustion. 



Water Motors. ^^M 

Few who scout at the idea of a water motor stop to 

consider that a liydraulic elevator b practically just 
that thing, and that they have found water power a 
convenient substitute for tbaV. Io.T'ai^\eii. \i^ a. ^SRam^ 






engine and boiler, or even Tov a steam engine taking 
m "from tlie street," as tlie phrase g;oea, The 
water motor matter must be decided on its merits ta | 
each case, entirely iudepeudent of any other. 
water motor may, wher»tbe pi'essure is liigb, be igiiitfl 
small for the power it gives ; but the tenaiil on a top 
floor of a iiigh budding might be surprised at tlie size 
of the one which he might need for the same amount of 
work as was done by quite a tiny machine iu the base- 
ment. 

Some of them work very economically of water, 
being practically the same thing as a piston water 
meter, turned "the other way to "; othera will take 
double as much water under the same head to pro- 
duce a given amount of power. Some will be quite 
economical of water under certain heads, and be very 
wasteful at higher or at lower pressures. Some will 
give no trouble at all with good water, but the presence 
of mud or of grit will lower their efficiency and in- 
crease their repair bills. Some will give a good duty 
at certain speeds but at higher or at lower speeds will 
be wasteful. Some are quiet, some are uupardou- 
ably noisy. Those whtch are the most economical of 
water are generally the most complicated, and give 
the most ti-ouble witli muddy and gritty water. All 
yield full power in an instant, and as promptly stop 
using the motive fluid when not needed, 
Boitgoes; there is no geneval tuV-, viN\. S^MA.'Vwssi. 
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do is to warn the buyer to look into certain points and 
demand certain guarantees. 

It Iiardly needs telling that tlie water motor dis- 
penses with smell, heat, asliea, and tlie necessity for 

attendance. 



Giinraatee. 

Whatever you buy. — watertvheel, electric motor, 
boiler, engine, or appliance for aiij' one of tliese, see 
that you get from some responsible person a written 
guarantee that it will do what is claimed for it. Of 

course, if impossibilities are claimed, there will be no 
use in having a guarantee ; but there are many cases 
whei-eyou will sate yourself considerabio lime and 
expense if you refuse to put anything in without 
a guarantee that it will do what is claimed of it or 
what you want of it : and refuse to pay for it until it 
has been sliown by sufficiently long trial, under prac- 
tical conditions, to do all that is guai-aat^ed. 

A water wheel should Lo guaranteed to develop a 
certain net horse power by tlie brake, under a given 
head, and with a stated number of cubic feet of water 
per minute ; and Its duty at half gate and at three 
quarter gate should also be guaranteed. 

A boiler should be guaranteed to evaporate each 
hour a stated number of gallons of water of a certain 
Ie;;)pctature, — in the way n? ca\ia.w\.^ ■, a.wd to do it 
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with a certain number of pouiida of ooal of 
stated kind, in tlie way of duty. 

An engine should be guaranteed to produce a cer- 
tain miuimura horse power (indicated or shown hy- 
the brake, according as the terma may be), at a stated 
number of revolutions per minute, from steam at a 
given steam-chest (not boiler) presaui'e — this in the 
way of capacity ; and to do it with a certain con- 
sumption of dry steam (the pressure named 
capacity guarantee) per hour per horse power — thia 
last in the way of duty. 

The engine should also be guaranteed to 
certain number of revolutions, with not more than a 
stated percentag^e of maximum variation in case the 
pressure is increased or diminished twenty-lve per 
cent, or in case tlie load is increased or diminished 
fifty per cent. ; and the percentage of maximum varia- 
tion should be guaranteed for both those variations 
of both load and pressure at once— that is, if the pres- 
sure ia increased twenty-five per cent, and the load 
suddenly diminished fifty per cent, the engine should 
not increase its speed more than, say, two per cent. 

The engine should always he guaranteed to run 
without repairs duo to fault in design or construction, 
for a certain term of years. I do not fill in this term, 
because makei-s vary greatly as to how long they 
will guarantee their work under equal conditions, 
and eacii sensible, honest, and coYi\'sft\j4Yi\,\MSv\'« ^>i^ 
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adjust liis guarantee, in this as m all other respecta, to 
tlic couditlons under which the engine is to run. 

An electric motor hired from a power-selliug con- 
cern should be giiaruntecd to deliver at any time a 
staled net Iiorse power by the brake, at the rotation 
spi.'eil at which it is guaranteed to run steadily. It 
should be definitely agreed upon and expressed, who 
is to pay for lubrication and repairs, and who is to 
attend to them ; and there should be a penalty at- 
tached for tion-actioii. 

Where the power-selling concern sells horse powef 
to be delivered by motor and charged for as used — 
that is, the tenaut to pay so much per year per liorse 
power, the amount to be averaged or measured, it is 
safe to trust to the cun-ent meters used by electncians. 
which show bow much current has passed into the 
line supplying the tenant, by showing how mucli has 
passed, under exactly similar conditions, thi-ough a 
wire having a cross-section beai'iug a certain deliuite 
pi'oportion to that of the wirosupplyiug the motor. 



"Wages. 
This is a very ticklish question, because in these 
days certain workmen are trying to persuade em- 
ployers to pay fixed rates for vei-y variable services. 
But as a brond, general principle it may be said that 
you can affurd U> cut down jowt -nai^c* a\«,\<a«i. any- 
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where but in the eng^ine room or boiler house ; aud 
no matter wUctlier or not you pay tlie Union scale, 
it will generally pay for you to give a premium ou 
sa'viiig of fuel aud oil. , 

Log Book. ' 

No matter what wages you pay, — be Ihey blg'h or 
low, — see that your engineer keeps a log book in your 
interest, recording coal conaumption, horse power, 
etc., regularly, for each day in the yeai-, with com- 
ments on the work done. In tlio market there are 
books for this purpose ; one of tliem prepared by my- 
self.* Either of them, if properly kept, should result 
in the employee saving money for his employer. 
Refusal to keep such a log by an engineer who has 
time and facilities for keeping it, should be cause for 
an investigation on your part. 



Shnftlng. 

Do not try to get shafting too cheaply. There Iscut- 
throat competition among those makers of it who turn 
it out in immense quantities, and who are equipped 
with special appliances for making up at a mini- 



■ Enftiiioor'n Hourly Log Dock. Dlmikn for Hiroe monthii' 
record, with Inntnictiona, iiiForTimttan, tulilm, cte. , ^tVtn W lAit. 
TobebMdof the i'ruclloul PublUUinu Co., ^\?w'*.'aa'W,"8.-~*.- 
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mum cost the stock which they buy in very large 
quantities. If you get down much below their prices 
you are apt to strike either poor stock, or shafting 
that is not straight, or not true, or not even in size. 
To hud one end of a shaft larger than the one which 
goes in the other end of the coupling, or even larger 
than the other end of the same piece, is exasperating, 
and sometimes expensive. Buy shafting that has a 
finish upon it ; do not have any part of it turned 
down for journals ; then you can use any part of it 
either as a journal or for holding a pulley. 

Cold-rolled shafting has a beautiful finish and is 
very strong and light, but cannot be ** splined " with- 
out curling. 

If your shafting is sprung it will do one of two 
things ; make your belt-driven machinery run jerkily, 
or consume power in being bent back and forth every 
time it turns. It may do both. In any case it will 
pay you to see that every line when put up is per- 
fectly straight and true, and that it is kept so. 

Remember that the sudden addition or removal of 
a heavy load from an upper floor may spring a line 
of shafting and give trouble. Sometime after it is 
in good shape a load of lumber on the floor above 
will be removed, allowing the floor to rise ; some- 
times the load will be put on afterward. These 
things should be looked after, and if such occurrences 
happen, the floor should be shored up from below, or 



hung by strong iron rods from the roof or from a 
beam or tniss tbrowu across to bear its weigbt. 
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Shaft Coupling. 

Plate couplings, while very strong, are also very 
heavy and very expensive ; and tliei'e are few places 
whore a good compression coupling would not do 
much better. Tlie compression coupling has the ad- 
vantage of not marring the shaft, and, if properly 
made, will allow for trifling discrepancies in the diam- 
eters of the two adjacent shaft ends. Select a type 
that can be readily unfastened as well na readily 
applied. 

Hangers- 
Whatever hangers you get, let tliem be adjustable, 
not only in height but by ball and socket. Tlie sav- 
ing by decrease of friction alone from this cause 
will he considerable in most establishments. There 
are few plants where floors do not sag, and where the 
adjustable ball and socket feature is not a good one to 
have. Hangers are best "open," bo that they will 
permit any length of shaft to be taken out without 
backing down the whole line— an operation which ia 
often very expensive, not o\\\y \TiftiRi\a!Q«t wao»Ms>!^ 
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in effecobig it, but by reason of the job throwiil|; , 
opemtiTes and nmchiDes out of work. ^h 



Clutcbes. 
There are not enough mills and shops well supplied 
with clutches. They are very convenient in ena- 
bling any part of a long tine to be shut off from the 
rest. TJiero are many cases where only one room or 
part of a room is run at night, but where it is neces- 
sary for the whole line to be run'and oiled; proper 
clutches would do away with this. Few manufactur- 
ing establishments have half enough attention paid to 
this matter ; and an immense amount of inconvenience 
and loss is ttie result. A certain amount of experience 
and skill is required to locale them properly, but, once 
placed, they yield much advantage to all concerned. 



Pulleys. 

Pulleys which are heavier on one side than on the 
other, or which are out of center ou the shaft by rea- 
son of having too large a beai'iug and of being put 
on with set screws, give irregular running of the 
machinery and do not do any good. They also tend 
to spring tlie Hoor and jar the building. Make who- 
ever selbi you pulleys guarantee that they are in per- 
fect running balance. Standiug balance is seldom 
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any good. No one uses pulleys when they are not 
mailing, Tliey should run Bmoolhly and quietly at 
the highest speed at which you inteud to use theio. 

Split Pulleys. I 

The greater proportion of split pulleys you have 
about your ptaut, the better it will be for you and the 
better you wilt like it. They caa be put up, taken 
down, or moved along od. the shaft witLi so much 
less trouble than the ' ' solid " type, that in most estab- 
lishments they are very desirable. They are, too, 
very much more reatlily handled; eat:li half being, 
of course, only very little more than half as heavy 
s the solid pulley of the same diameter and face. 



I suppose that there must always be some trades 
which will serve to yield a livelihood to supply-agents. 
The belt business seems to be one of those trades ; and 
the principal reason for it is that few belt users know 
how to tell a good belt from a bad oue, or would pay 
for a good one if they knew it, or would take care 
of it properly if they had it given to them. This is 
plain English, but it is cold fact. 

John Randolph of Eoauoke once said, "Our boys 
are not well educated, bul out g\Y\a ■«'■& tw^'et "fesS), 
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it out." T)ie average belt ia a poor one, but the 
average belt buyer will neTer find it out. If you want 
id and 10 an<l 6 and 2i per cent, discount, you will 
flud bolt makers and dealers who will accommodotQ 
you; but "discount bolts," are not BO good ns those 
which are bought at a good price- Almost every 
manufacturer makes two or three grades, and as & 
general thing the purchaser who gete the best discount 
gets the poorest belt. lu this the belt buyer must not 
blame the belt dealer quite so much as he must blama 
himself. 

See that you get a belt wide enough for your work, 
and run it foat enough to enable you to get out of it 
what horse power you want, without uuduly straining 
beltorfa^touings. Buy from a reputable dealer. Buy 
only those brands which are made by bouses hav- 
ing the knowledge and facilities for making good 
belting. 

As to whether you shall buy leather, or rawhide, 
rubber, cotton, or compound, or shall skip them all 
and put in wira rope or Manila rope, don't ask me or 
any one else, without stating the conditions, Some 
of these dannot he used under some circumstances, at 
all. With others it is even up which you buy ; 
any kind is likely to be better than the care that it 
will probably get. 

Q you buy leather belts, stuff them well with castor 
oil (rom time to lime, attet waBtomg ftxnTO. ■»i\'ii. w«wj 
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and water. If you use rubber, keep all kiiids of oil 
from them -, wash them with soap and wai«r or aixla 
and water if they get glazed. Do uot put printers' 
iuk or anything like that on any belt. See thiit they 
have agood wrap around both pulJeys ; that costs little 
or nothing and adds to tbe driving [wwor. See that 
they are so laced or otherwise fasteuod, as to give 
equal strain all the way across. Don't let steam or 
hot water get on any kind of a belt. Run your belts 
as slack as you can without their flapping. 

Every belt must be absolutely uniform in width, 
texture and thickness all through; and it must be 
straight. If it varies in width or is not straight, it 
will "weave"onthe pulley; if of varying thickness 
it will give the machinery a varying velocity; and 
any one of these defects may cause it to flap. 

In buying a cemented leather belt, be sure tliat it is 
guaranteed to stand dampness; for although damp- 
neBS doesn't do a leather belt any good, it must be 
prepared to stand it in case of a long spell of rainy 
weather, or if a steam leak should take place n 



Belt Fastenings. 

The best fastening is none at all. Where you cai 
have your belts made endless. If you buy of a reput 
able maker, and don't strain the belt too much, therSi 
ffiJJ be Qo excQSsivo lenglhciung; auiV \l 'CwBifc \i.,' 
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most cases an idler next the small pulle;^ will take 
up the slock and give you the advantage of increased 
arc of contact. 
If you use fastenings, remember that the entire 

strain of transoiission comes upon them. Tbey are 
not apt to be more than one quarter, op at most oue 
half, as strong as the belt itself ; put them in carefully, 
with a view to their cari-ying their heavy load evenly 
and constajitly. 

Bopo Transmission. 

There are cases where a half inch Manila rope will 
drive where an eight inch flat belt could not. Hope 
drive is particularly desirable where one shaft is 
directly above the other and very near it ; also where 
the distance between shafts is very great. Bopes have 
the merit of being cheap and readily spliced ; they can 
be run round any kind of a corner, and aj-e altogether 
very satisfactory for many positions. But there may 
he cases where rope transmission would be an utter 
failure; weigh the matter carefully. 



Boxlng-ln Machinery. ^B 

In almost every line of manufacture there is risk of 
employees getting caught in the machinery ; and this 
is particularly so where there ate c^iA&twxo 
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For Lumanity's sake as well as to avoid suits for 
danu^es, see to it that all belts aud ^ears which ara 
liable to catch in clothing are boxed iu or screeiied with 
wire netting; and if possible have thiugs arranged so 
that the engine can be stopped at once, by signal or 
by actual shutting off the steam supply, from every 
room id the establishment where such accidents are 
liable to occur. 



Friction. 



There is no such thing as machinery which will 
ruu without friction ; but there are such things as 
machines wliich have from ten to one hundred per 
cent, too much, and which are eating up their owners' 
profit. Friction means two things ; waste of power, 
and wear and tear of the rubbing parts. Both of 
Ihese are paid for by the power user, without getting 
anything iu return. An indicator card showing the 
friction of the engine and all the shafting and machin- 
ery which it drives, may be veiy readily taten in 
most establishments ; and if such a card, taken at the 
regular speed, shows forty horse power, that means 
that it costs you from 120 to 400 pounds of coal per 
hour, to say notlmig of the extra wear and tear of 
IwUer and engine, and all their appui-teuances, aud 
of shafting and accessories, just to keep things goings 
without doing a cent's yjorth o^ -wotV, \V ^"sa- «(». 
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reduce that by twenty-flvo per cent, you will be sav- 
iiig from 30 to 100 pounds oE coal per hour, 300 to 
1000 pouuds per day of ten hours, 1800 to 6000 pounds 
per week of 60 hours, 4S to ISO net tons )>cr year of 
800 tea-hour days. Count this up with ooal at ths 
rate which you are paying, and sob if it will not pay 
you to keep things running smoothly. 

Oils and Oroasea. 

Here is a problem I Of all the oils in the market, 
good lard and sperm are the best for all-aixiUHd work. 
Of all the greases, those containing good graphita 
(plumbago, black-lead) are apt to be the best unless 
they are to be fed through fine holes and passages. 
Bear in mind that small high speed journals require 
a diflferent oil from those which run slowly and have 
heavy pressure upon them ; that slidingsurfaces (like 
guides) will not always do well with the same oil 
which will do for crank pins ; and that steam cheats 
and cylinders, particularly if the pressure is high, 
require an altogether different oil from that needed 
on cold places like journals and slides. Whatever 
oil you use, see that you use plenty of it (you can 
recover it, filter it, and use it again) ; and with free 
lubrication, see how much of some well-known brand 
it takes for a month to keep everything cool. If you. 
Slid that it takes too muc\i, vo'^ "^^^^ '^'^ 
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well-known brand ; for there is no one brand wbich 
is best for all cynditions. Keei) a record of the amount 
nith the new kind, and if the cost is less and tlie 
result good, you have probably done well by chang- 
ing. If you And the oil bill higher for the same 
degree of coolness, you have not done well in thang- 
iug to that brand ; it may be well to try some other > 
yet. ■■ 

Bemember that gallons of oil have nothing to do 1 
with the matter ; the thing to be considered is. How 
much is the bill for enough oil to keep everything 
cool and uncut ? As for comparing an oil that does 
not keep things cool with any other, that is out of the 
question. 



Bearing Metals. 



After all is said and done, the regular old-fashioned 
Babbitt metal, — that is, Babbitt's own metal, 
good as any one need want for any except the very 
heaviest bearing. This is not a cheap material. You 
cannot buy eight pounds of it for a dollar, as you 
sometimes see advertise<l. The following is the for- 
mula to make it : Melt four pounds of copper ; add, 
by degrees, twelve pounds of best Banca tin, eight 
of antimony, and twelve more of tin. After four or 
five pounds of tin have been added, reduce the heat 
to a duil i-eOj then add the remaVniltv ol 'Ca'&TO.'^ali.w 
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above. This composition b termed "ftardening." 
For liuing, take one pound of it, and uielt with it two 
pounds of Banca tin. 

Lubrication.'* 

Never let a bearing squeak two days hand-running. 
If you hear a noise from it one day, that is the da; 
to stop it. Every day that it squeaks it is tellln^r the 
world at large that you doti't know any better tliau 
to pay for power to wear away your journals and 
bearings. 

Have your lines of shafting oiled at regular inter- 
vals by some one person whose duty it is to see that it 
is done. " What ia every one's business is no one's 
business " ; and that is ti-ue of oiling up more than of 
anything else about the place. 

See that there are no places where oil will slhig or 
drip where it should not go. Such slingtug and 
dripping are wasteful of oil and damaging to pi-oiwrty. 
There should be splash-boards to catch the oil which 
may be thrown from crank pins or other rapidly 
rotating members; and drip-pans to catch what falls 
from hangei-s and overhead bearings. What oil has 
been used between the wearing surfaces should be 
caught, saved, filtered, and used over again. When 

" See •lao anilar " Oil Gups," page 108 ; "Oils and GreMM," 

P^geiaS; find Frictiou," page 131. -™ 
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it baa been used too often as a lubricator for bearii 
surfaces, there are other uses to which it may be pub* 
as in bolt cutters, etc. ; or it ma; be sold. 



" Dynamometers " or Power Scales. 

It is just as practicable to weigli or measure your 
power as your coal or oil. In order to get power, or 
do work, there must be a push or a. pull ; this must 
have a certain force in pounds and be at a certain rate 
of speed per minute. What constitutes a horse power 
is treated under that head, on page 87; how to 
measure power is the subject of tliese paragraphs. 

There are two kind of power- measurers independent 
of the steam engine indicator. Botli of these employ 
actual weights to measure the push or the pull, and 
deal witli the actual speed at which the push or tbepull 
is made; but while one absorbs or destroys the power, 
theother passes it along. Tlie first class embraces the 
power brake, called by professional engineers the 
Prony brake, from its inventor, — the second comprises 
transmission dynamometers, of which there are sev- 
' eral varieties. 



The Prony Brake. 

The Prony brake consists of a clamp applied to the 
fly-wbeol, pulley, or shaft, the power transmitted byn 
which it is desired to measuvc or '«e\^\. 
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To the elamp is attached a horizontal lever, which 
by the rotation of the wheel, pulley, or shaft is made to 
just barely lift a weight, to pull vertically on a spring 
balance, or to press vertically upon the platform of a 
platform scales. The pounds push or puU, multiplied 
by the speed in feet per minute at which such push or 
pull is exerted, and divided by 83,000, gives the horse 
power. The speed is got by multiplying by 6.2832, 
and by the turns per minute, the distance in feet from 
the center of the wheel, shaft, or pulley, at which the 
weight or cord is attached, to the horizontal lever. 
Thus, if the pull is twenty pounds, at a distance of five 
feet from the center of a shaft making 330 turns a 
minute, the power is 20x5x6.2832x330-f-33,000= 
6.2832 horse. 

This method is applicable to determining the net 
power given out by a motor, a belt, or a shaft 



Transmission D3rnainoineters. 

The transmission dynamometer, or ** power scales," 
measures the power which is passed through it. 
There are three general types : those in which the 
power is passed through it by a belt, those in which 
gears are used, and those in which the push or pull is 
measured by the degree of compression or extension 
of a spring through w\iic\i Vl la ^ass»^^. The latter is 
he most simple and the moat ciOTMassiL. \cL\5a&'$a!^ 
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two, a I)elt from tlie motor or the driving pulley 
drives one pulley of the power- measuring machine, 
and another carries the power from the dynamometer 
to the machine or the shaft to be tested as to the 
power required to run it. Wiih the third kmd, either 
the power is belted ia and out, as just mentioned, or 
it ia inserted like a coupling between two lengtl^a of 
the line of shafting to be tested. In some of these, 
a dial or other scale points to the number of pounds 
push or pull; this, multiplied by the distance from 
the center at which the push or pull is apiilied, by 
6.8833, and by the speed in turns per minute, and 
divided by 33,000, gives the horse power. A better 
graduation gives in the dial the horse power per 
shaft-turn, and this, of course, multiplietl by the 
number of turns per miuute, gives the horse power 
* passing through the dynamometer. 



^^B Uses of Dynamo meters. ^M 

It is of advantage to the power user to know how 
much power each machine he has requires at various 
speeds and with various degrees of load; how much 
each belt and line of shafting carries at vai-ious speeds; 
and how much power his engine gives out. By this 
meani unnecessarily hard-running machines may be 
improved or thrown out, wliicbe'7ei;\&fti«iosyK)^i-''Ms.- 
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tageous; straJaiDgof shaft lines and of belts prevenWl^H 
or remedied, and overloading of Uie engine stoppu^H 

Landlord and Tenant. ^ 

Between landlord and tenant, in power-reutdng 
cases, there arc endless disputes, arising' from tvo , 
causes : ignorance of the facts, and lack of defliutc 
pre-undei-stauding as to conditions and terms. There 
is no question but that landlords often ovei'charge ten- 
ants ; and it is equally indisputable that tenants as 
often get more power then tliey pay for. In either 
case, the wrong is more often unintentional than 
otiierwise. Every power lease should stipulate the 
maximum and the minimum horso power to be taken 
by the tenant ; how and when it is to be measured; 
and where and how it is to be delivei-ed. Omission 
of any one of these points offers a premium on a dis- 
pute and perhaps a lawsuit. 

Whetlier tlie tenant pays so much per horse power, 
or so much per year for enough power to run his place, 
the maximum and the minimum amount that he is to 
have and pay for should bo stipulated ; because it is 
not reasonable tliat tlie landlord should have to de- 
liver, on a siiort notice, or on no notice at all, more 
than a certain amount ; nor is it fair to comjjel him 
to provide engine, shafting, etc., unless he is assured a 
mlniaium i-eturu. T\ieAeaaeR\vQ\3.\As\aXfc-*\vettiQrthe 
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horse power is " net," that is, exclusive of the power 
required to run the engine and shafting, or gross, 
that is, including one or both of these items. It 
should specify whether the steam engiiie indicator, or 
a transmission dynamometer should be employed to 
measure it ; and, if the latter, whether it is to be ap- 
plied at the eugiue, or at the receiving end of tlie ten- 
ant's shafting. The timesat which tests are tol>e made 
should be arranged — whether monthly, quarterly, or 
yearly ; at what time in the day, and whetlier with 
all the tenant's machinery on at once, or with an 
averageload. Thelease shouldalsoclearlyspecifyon 
what days and between what hours power is to be de- 
livered 1 and whatextra compensation is to be allowed 
for power and for engine-runner's services, in case of 
the tenant running on days or hours not specified in 
the lease. Wliere the landlord furnishes the shaft- 
ing, it should be stipulated whether he or the tenant 
- is to pay for and attend to its lubrication and align- 
ment. 

A tenant should not exi)ect to get three horse powers 
for only one tenth as much as would be charged for 
thirty. He should not think that he should have an 
average of twenty hoise with a minimum of ten and 
a maximum of thirty, at the same rate as where the 
extremes are less wide apart. Service on extra occa- 
sions is worth more than the rates chai'ged at regulai 
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The devices employed to measure power are de- 
scribed, in general terms, uuder tlie beads ' ' Indicator" 
and "Dynamometers," page 106 and 111 respeot- 

In making a power test, -all the machines should be 
thrown off, and the power required to run the tenant's 
shariing accurately nioasuredi then one macliine at 
a time should he thrown on and the exact amount of 
power which it calls for cai-etully noted. In every 
lustaace the rotation speed as well as the horse power 
should be noted ; and in the case of machines which 
have a varying feed — as, for instance, woodworking 
machinery, where the width of board planed, or the 
thickness of piece sawed, varies from time to time, the 
conditions should be noted. Other things being 
equal, tlie power reiiuired to run a machine or a line 
of shafting varies directly as the speed ; thus, if a 
printing press requires tliree fourths of a horse to 
make 400 impressions an hour, it will need one and 
a half horse to make 800 an hour. 

Tiie method of estimating the power used by the 
belt widlh and speed, is very crude and unsatisfactory, 
as tlie driving power of a belt depends not only upon 
its width and speed, but on its thickness, condition, 
tension, and arc of contact upon the pulley ; upon 
the material condition of the pulley, and upon other 
elements diflicult to measure. CifGcult cases, appar- 
ently the same, will vary "iftOxiftv cai.\\..\n\.\i(; amount 
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carried by a belt ; and variations of 50 per cent, 
between two persons^ simultaneous estimates of the 
power carried by a given belt, are not imcommon. 



And now I have said a good many things and left 
a good many unsaid, on the subject of the genera- 
tion, transmission, and measurement of power. I 
might have been more positive and recommended 
certain practices at the risk of prescribing without 
seeing the patient; and mentioned special devices par- 
ticularly, or merely in general, only to be considered 
partial to their makers or interested in their sale. 

The power user who reads over what I have said, 
should find many places where he can set himself 
thinking with advantage to his pocket. Tliat is why 
I prepared these ** Hints." 



IT 



THE END. 
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CaWchlBm, BDginoHunncra'.eS 




Catechism, Steam Bnglne, Sfl 


C mf rt tflrinen,aa 


Olechlam, Pmnp. 59 




Ciolking Beams of bollere, 41 


C mpa tn f boilers. 28, M, ST. 


Cement. lijdMnUc, as a boiler 


67 




C mp t ee f engines, 80, Ha 


Ceroented leather belts, 135 


C m Icatl in engines, 103 


Centennial Oorllas engine, 7D 


Conipomid gines, 77, 103. >04 


Clnreoiil boiler coyerlng, 54, 66 


C rapresel n uplings tor shaft- 


Changing iBel.BT 


1 g m 


Cheek-yalTe tor feed pomp, BI 


C mp ee 1 h b pulleys, W 


Check-TBlYB tor injectors, 63 




Chime whistle. 49 


C d i e ginrs, 86, 7T, 104 


Chimnej, S8 


end t n. water of, M 


Chimney, climhing Irons on, OB 


C d i g water, contract (or. 


Chimnej, cihanstlng into, lOB 


103 


Obimnej, llghmlDg rod OD. 60 


C d b 11 rs, 49, 6S 


Choice of boiler mater inl. 35 


C cd gines, 06 


Choosing an engine. 93 


C ee dm bines, 116 


Chriatmas prMf^nta, 111 


C ni tl t boilers, liad, SS 


Chnrcbes, engincB for, W 


mpti feo»l,70 


Cimilatloii of water Iq boilere, 






M 
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Coolneu ut tDDningof e[iginee,SI 


Division or powu.r. 68 


Copper g«k.t*. 38 


Domes or boilers. «0, « 




Double-acting engines, 77 


Coillal engines, 85 




CorllBs BOglne, Cenlennlal, 79 


Drilled boles In boiler pl>lu. U 


Corlm valvuB, S 


Drip pans. 1*0 ^1 


Corn-ion ot bollen, !1 


DropeiiUofletiBlneB, 70 ^H 


CDrnmlan of bollen by ooTcr- 


DrtiiD. mod. U ^H 


iogMB 


Dry pipe, 39, 4S, Gt ^H 


Cclol boilers. 87, 88 


Dry slenm, 43, Bl '^H 


Co«I or euKiuEB. Bl, m 


Duple, engines. 77 T 


CoBtotfael.XO 


Dnplicatiati or ongines. 9i, « 


Oo«[ of Bind power, IB 




Counlry boilera, 29 


Dnrabillty or engines, SO 


Ciraplings, Blurt. 131 




CoYoiiDgB. boiler, norKonduc.^ 


Dniyofwind-mlll, lis 


toe. 58 toB6,81:repalr[nB,M; 




ndUllon riom, G3; Ubls ot 






Economy otboilc«,ff7 


bollen by, 53 


BconomjInrnel.m.SO.M.Sl 


CoT«riiig!.,plp.,5S 


Economy of rnel. testing, 73 


Crank-pini, lubricalion of, 188 


Economy In bigb pressures, <K 


Caps. oil. M9 




OmilneoB. 81.84 


K>ecWr. 71 


Cnl-oftenBlDBB,77 


Electrical welding of boiler mum, 


Cylinder bollen. 3S, 3S, 37, SB 




Cylinder bores. 83 


Electric ligbling, eOKlnes tor, 91, 


Cylinder or eoglne, danger rrom 






Electric low water alBnn, 48 


Cylinder., repxtring, m 


Electric motors, 110 


Cyllndera, lUlck, M 




Cylinder wear, 83 








Dunper regulHtor, 4B 


Enerjy In a flO h. p, boiler. SO 


"Dsnger Above." 80 


Engines, oqlomntic eot-oS, «1. 




77. 81, 82. 90. S3 1 Iwun. n; 


Dangeroal engines. 108 


componnd, 77, 103, KM; Corlbs, 


Decoy or bolier«,» 


79,85: cirfeniing, 66. W. I(M r 


Design or Iwilen, bad, 3S 


ent-off. 77 ; donble^ctlng. T:, 


Dial preuHire gntiee, JO 


drop cnl-off. 79; dnplei, 77: 


Dlnmelere. pieion. 89 




DireclBetlngpnnips, flO 


S3,B3i inclined, TSimarlne.Mi 


Dtteaatimtlng vnif\nitt, 08 


non-cwa4wiiiW.»t; OKIlliK. 


"■—lbatioaottU»m.Si 




^^ _ 





Eng., auto, cut-off— (i/nlinuid. 
ntelog, Si ; rottiy, Til ; stagle 
Kllng. 77 : tlatlonuy, 8B ; throt- 
tling, 77, SI ; trunk, 78 ; tarls- 
ble cDt-Dff, 77 ; vertical. ;S. 81 
BoRlne itdjnaiing, SO, 63, S4, S3 
Eogins, Balomiitic cat-od, 6a 
EnglniSB, badlf propoitloaed, 3D 



or.M 
BDgioe, bBjIng, 89, flS 
Engines, compactness of, 80. S3 
Bngines. complication In, 103 
Engine, GODileBslDg, 66 
SUElaea, connected. 95 
EnginES, coolacBB al mnning, 81 

Iloglne, danger from water Id 

Engines, dangerous, MS 
Eagiacs, dleconnecClDg, 08 
Bnglnee, dnpl I cation of, S4, » 
Bngines, dnrsbiiitj of, 60 
Engine Feed, lOG 



Bnglaes. repairing or. ! 
1«7 

EngiDB mnncr. 107, 109. 
Engine Run 

EDgincs, retllngup. 
Engines, simpllclt]' 
Engiai^B, Bizeor.ea. 
Engine, slide valve, 



Engine, strength ot. SO, M 
Engine testins. 107 
Engines, throtlllng. Bl 





Expansion of boilcra, 19 


p»pet mlUa, vt: raoll poiiera, 




8S ; heoT7 machinorj, 92 




Engines, gss, ISl 


Eiploslons. holler, 28, 83, 38, 43 


Kngino, gnaranleo of, 1S7 


EiploBlona of boilers, tessoni for. 


Boglnes, high speed, 81 


S3 a4 


Sngines, high spesd, advaatages 


Explosion Indnced h; scale In 


o[,91 


boilers. 57 


Engliiea, hot nir. m 


Externally flred ImtlerB, 38 


Engine*, injury lo. 88 


Extra boilers. 87 


EngrnsB, Inspection of, 90, 81 


Kilrs glasses for viator pages, 45 


Engines In upper etDTlee, 63 


Extra grates, SI 


Engine., Isige, 9S 


Extra parte of sectional boiler., 43 


Enpnes, lightness of, 80 




Engineo, positive governing, 90 


Factory machinery, engines (or, 




79 J 


£nglDeer (see Engine rnnner) 


Fang.engme&lw,"!^ 3 


Bagtaei, KgalatioD of, Dl 


yiio,-(ool\\M:««(„1V 1 
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Fastening down safety valyes, 21 

Fastenings for belts, ISS 

Feeding boilers, 29, 50 

Feed pnmp, 59 

Feed water filter, 48, 67 

Feed water heater, 67 

Feed water, carbonates in, 58 

Felt, hair boiler covering, 58, 54 

Filter, feed water, 48, 57 

Filtering oils, 138, 140 

Fire bricks for boiler setting, 68 

Fireman, 27, 70 

Firemen, comfort of, 52 

Firemen, incompetence and un- 
faithfulness of, 47 

Fire pnmps, 60 

Flour mills, engines for, 100 

Flour mills, boilers for, 68 

Flue boilers, 86 

Flues, 37 

Flues, cleaning, 38 

Flue, exhausting into, 106 

Fly wheel, 100 

Foundations, 83 

Foundations of boiler settings, 63 

Friction, 137 

Friction of engine valves, 86 

Friction on main bearing, 100 

Friction clutches, 97 

Fuels, 62, 72 

(See also under various heads, as 
Coal, Wood, Screenings, etc.) 

Fuel, cost of, 109 

Fuel, changing, 27 

Fuel economy, 50, 51, 76, 81, 107 

Fuel economy of boilers, 37 

Fuel, testing economy of, 72 

Fuel, waste of, 52 

Gas engines, 122 
Oaugea in dark places, 21 
OaugeBf recording, 47 
Oaagea, water ^ gl&BS, 44 
"^uugea, vrater. cleaoliig, 44 



Gauge glasses, Scotch, 44 

Gauge, pressure, dial, 46 

Gauge pressures, 88 

Gas as fuel. 75 

Gas, carbonic oxide, 63 

Gases, waiste, 86 

Gases of combustion, 84, 86, 37, 38 

Gases of combustion, tempera- 
ture of, 69 

Gaskets, 39 

Geared pumps, 60 

Generators (see Boilers) 

Get-at-able boilers, 81 

Glass water gauge, 44 

Glasses, Scotch gauge, 44 

Good points of a boiler, 19 

Governor, 79, 98, 106, 110 

Governing water power, 116, 117 

Graphite (black lead, plumbago), 
138 

Graphite In rod packing, 100 

Grate, 37, 50 

Grates, air through, 50 

Grates, extra, 51 

Grate for screenings and slack, 73 

Grates, life of, 52 

Grates, rocking or shaking, 51 

Grate surface of boilers, 33 

Greases, 138 

Guarantees, 126 

Guarantee of boiler, 126 

Guarantee of electric motor, 128 

Guarantee of engine, 127 

Guarantee of pulleys, 132 

Guarantee of shafting, 130 

Guarantee of water-wheel, 126 

Hair felt boiler covering, 53, 54 
Half-trunk engines, 78 
Hand holes, 39 
Hangers for shafting, 131 
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Healing anrJace, IncreMinfi, 41 


Iron Jnckels (or boiler covertiigs, 


Ueuing •uiTuree, paeltlon of, 33, 




&l 


Ironworks, boU™ tor, 89 


Heat reaiatanco of boilei gotct- 




mBB.M 


Jackets, Iron, for boiler corsr- 


HemprodpBolilnEa.WO 


Ingfl, 64, HIS 


Hidden work In boilere, El, SI 


Jet, steam, for cleaalnE bollot 


Hieh speed engines, 81 


la\y>e.SB 


Higli speed eneiues, BdTanlagea 


JoInW of boilers, 40 




Joinis or man-holes. 89 


Holes. rivGl, pnnchine. 40 


Journals, lubricalloa of, 13S M 


HnrLzoDtal cjUnder boLler, SB, 87 


■ 


HomonWenElneip, 7B,Bl.f8 


ElndaofDDelnee,T<t H 


Horse-powerB, Amerilan undBrit- 


1 


lBb,87 


Landlord and tenant, 144 ~ 


Horae-power, what la Bf 87 




Hotee-powerofboili™, aS,W 


Large englsca, SB 


Hot.BlrenKineB,lS3 




Hot Bt«iim, 01 


LeakBBo of boUrra na sltecllng 


Hourly Log Book. BnglneerB-, 120 


coverlnga, 63 W 


Honae boiler. 30 


Leaks. IS H 


HjdrBuUc cement u a boUef cov- 


Leaks in boiKrs, 01 ^1 


ering, M 


Leaky boilers, remedying, 41 ^M 


HydranLicweldinBorbolletMBmfl, 


Leaks of money, 10 








Leather belW. 134 


Inclined enginea. SB 


Legtsiatlon aboatssfely valves, 40 




Legialntion about hollers, 94,!« .^ 


Indicalorcarda, 100, 137 


Lifeof boilBTs.M ^M 


Indicator, atesm engine, 106 


Lifeoferalee.e9 ^M 


Muioriia airUi boiler covering. 


Life of atu:k, fl2 ^H 




Light. 109 ^M 


Injeetora, GO, fll 


Light m holler rooms, 21 


Injectors, chcck-ralJB lor, 02 


Lignite, 72, 74 


lQiQrjtoeiig!reB.B3 


LlEbUicaa of engine, SO 


ImpnritlflB In witur, 58 


Lightning rod for clifmney. DO 


IaspecllnnorengineB,t«,fll 


Liroeasaboiiercovorlng.BB 




Lime In water, M 




Log-book. 120 


loapectOB. boiler, recorda of, 4T 


Loaa,yarlon8eDnrceaof,15 


Intermittent power, 1S3 


Low WBler, £11 


Intemolly fired boiltm, 37 


Low water alarm, eleclrlc and 


InverLed rerljqal engines, 78 


Btcn.QvflV\*\.\a, W, 


7roD (q witer, 58 


LMWwitoli, \i«.\aA'«> 
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MschiiiH7,lioilngln.I86 


I4aQ-coQi)nctiDg matcriBls f orb^^^l 


MachlBErj, fnclory. engine, (or. 


ercoTeriugs,S3.M ^H 




NnmberofboUer«,eT ^H 


HBchinery, hanTy, nnglnei for. W 




llMililnery, teiliie, enginoa for, 


Oil as fuel, 70. 7i ^H 




Oil bnniers, T5 ^^M 


MagneslsInwnler.M 


Oi) cups, 108 ^M 


Msnhaiflfl of bolltirB, BB, 88 


Oil economy, 81 ^H 


Uan-hoJs!, joints of. 39 


Oil, lard. 138 ^M 




Oilinnebarilng, 140 ^H 


Mirine boilers. 30 


Oils, 138 ^H 


Marine englDcB, inlves for. B6 


Oils, ailerJDg, ISS, 140 ^^1 


Material for boilers, choice of. 


Oscillating engliies. 78 ^H 




0<er-bflating walu, 3S ^^1 


Meaauring power, Ml, 114, 140 




Keiin Bftcotlyo presBOto In en- 






Packing, pUlon. 9B ^H 


Mercury preBsnrij Kiogea, *T 


Pocking, rotary engines. 76 ^H 


Metal, Bsbbitt, ISB 


Paper mills, eneines for, B^ H^H 




Paper putp boiler coveting, B4 i 


Mllln. engine* (or, HO 


Pine as foel, sa 


Mtlla. floor, boilora for, 88 




MillM«ipef.onetneBfor.B3 


Pipe, to cover but, 5S 


MIUl, Baw, boilers for, 52 


Piston, dlametoiB and u»u, 80 


Mill, wind, iia 


Pletotx packing. OB 


Hinenl wool boiler covering, 54 


Piston rod, cenlrallty of, BI 


Money, lealoiof, IB 


Ptslon rod getting out of cniler 


Motora. electric, US 


B3 


Motor, eleclric, goamnteo of, 1«8 


Piston rod pocking. B9 ^H 


Motora (or pumping, US 


Pialon apeeds, 8B -^H 


Motors for top Btoriea, ISl 


Piston Talves, 84 ^H 


Motors, waler. ISl 


Plaster of Puis lU s btilei oOt^H 


MountainooBdittrlcli. boiler* for, 


lnS,M,M ^^ 


43 


Plate conplinge for abarUng, ISI 


Mnd in boilers, SO 


Plates, boiler, pnncblng, 40 


Mud drum. 43 


Plates, boiler, eirengtii of. 3B 


Muffler. 49 


Plates, boiler leeUDg, Ht 




Ping «al>». 85 ^m 


NatonJ gas, TO 


Flnmbafo (see Gnpfaite) ^H 


N»vy, boilers for, aO 


Poinis of a boiler, good, U ^^1 




Poppet YalYDs. 80 ^H 






Ifolfe of bJoivIng off sle*ni. 40 


ra«t>.\a\i ot V«ftni n.i!lHft,>H^H 




PaeWV-iecuVolIeBteiBu.'A i^^| 


W 


^ 



Poritiva drlTen pnmpi. to 
litlva governing online*, ( 
ter, Hccomalutlonor, 112 



Pmaping, molor fur. J13 



Pontr leuee, 144 




BadlalioD from boUe 




53.M 


Power pompa.W 




Riasona why boilers e 


Pcnrer, regerve, of boilers 


87 


Reboring cylinders. B 








Uta) 




Itecordlng giugea, ir 


Power selling, jas 






Power. Bmnll cnginea for. 




ioennuiae, 4T 


Power storage, US 




Reducing valve, 49 


Power, testing, 14fi 






Power. WMle of, 187 




Regulator, dnniper, 4S 


Power. w»t«r, 113 




Removal of boiler cov 






Repairing boiler cove 


Power, wind, cost of, 113 




RepairiUK boliois, i». 


PMBsnrB gnngB, 4fl 




Repairing of engioes, 








Praaure gBnge, mercury, 




Repairs. ST. lOS 


PrBseores. bigh, W 




Reserre power of bol 


Pnesure, bigb, boilers 


vitboat. 










PrBBsnrB. liigh, BConomj' 


.69 


Riveting boUer platos 






Rivet bolCB. punching 


gine. B7. 89 




Rocking grate*. Bl 


Presmroonaboiler.as 




Rock wool boiler cov 






Rockv«lvoa.81.8B 


Pump. feed. S9 




Itod packing, black le 


Ponchlng rlvat holes, 40 




Rod packiog, bomp, 1 


Profit, tnie sourcn of, IS 






Ptony brake, HI 




Bod, piston, packing. 


Proportion of parLs of boilers, 33 




Pulleys, las 




Boom, boiler, 63 




9S 


Room, cngina, VKt 


Pulleys, gaaraatee of, 138 






Pomlce stone as a boUer coyer- 


Ropa, Manila, for tn 



RoVarj Mi^i^>».~i'> 



us WBB3. 


BalatK»q>«td.n 


Sh»mng, c!nwhe« lor, 131 


RAb«Mn.lS 


Sluning, cold rolled, 130 


B-M>v»fari..» 


SUrting. gnun>i« of. laO 


Bmnr, (asiDc [tee Kagbw ran- 


Shifting h«iBer..m 


nen 


Sbif^na, oOlug, HO 


BmaloC •»«» of *a tiiEioe, 108 


ShMlt coopltoB,, 131 


Bi^ttnorbolkt, M 


Slaking er.l«,Gl 




81i».ing«.M 




Shtp,. bollen* of. » 


Saleir Hop. IM 


Sldewilte, boilen undo. 9). 21, 


8«I«j T.l«a, 10. tf 




S)tf«r T.lv« tBtencd dowD, El. 


Sigbl feed Inbricnlors, lOS 


M 


gihcMe or Boda u ■ boUa corer- 




ing,M 


4S 


Silk mlll^ engines for. 101 


Surety nlTca. etickiug. M 


SlmpllcItT of boilen, aS 


a«felj vilvej. loo tndden opening 




of, a 


Single uting engines, TT 


Safety nJno, U.S. laws concern- 


Sindc ejiinda engines, TT 


ing. « 


SiwofbollBr.Oe 


S«»l u > boiler covedng. EB 


SiH of engine, 6fi,?r 


Soring, fuel. ICB. 10? 


Slick u rnel, n 




SUDimlDeof'valTM.BG 


8BWduMDSfuel,72.T4 


Bllde»lve,B4 


SBwmillboJlcis.Sa 




8e<d<>tnboi1era.aT 


Slide Tilte engine. 80. TO, 88. 8>, 


Scale in »»ter e«i"ee>, « 




Scotch gunge b1bmct.« 


SlldeTSlye friction or. 86 




Slide ™tY<:s,lubrfcslion of, isa 




Slow epeed engine^ adi-MiUgcJi 


8eRn«ofboller«.38,M,« 


of, 01 


Seuiu. boiler, calktng.U 




Seaoia. boiler, Heldoa. 41 




fiectionslboUera,41 


Bon fnel, 63 ^H 


' SeclioMl bollera, eitra parte of. 


Soot, rembvlng from boUan, ^^M 


49 


SpKe taken np hj boUors. U ^H 


Separator. 61, M 




Setting boiler. 26, 21 68 


Speed, eiigliie. 06. er, M, U7 ^^H 


Setting boilers, cenlliul princi- 


Speeds, piston, 88 ^H 


ple, of. 81 


Speed, rotstion. 01 ^^1 


Setting npengineB. 80. 63 




Sewer, exliauitiiig into, IDB 


Spheriul ballctB. cut Iron. 4^^H 


Slmfling.Ol. 1» 


Spiral onnch rpr bailer p)UB|^H 


Sbatilng. alfcoment of, 130 


avMuL'n>KBite.\'b 4^H 





^BPPV^^B 


LVt>CX. ^^^1 


Split pnllB7B, 133 


SlorngcDaltcrT.llS ^^| 


suck. 68 


StomgBof power, 113 ^^ 


Slack, cihflUBting into, 105 




Slack, life of, S3 


W 


SUDdBTdbone poweiof boilers. 


Strength of a boiler. ID 




Slrengtb of boiler pUtea, «i 


Slandtttd Oil Company, dU bum- 


Sttengtb of an engine, 80. W ^B 




StreDEtti uf Jolnle of boiler platw, M 


Btnicb of coal, 73 


M 


Stiitioniiry engines, 83 




Steodlneaa of eiigine, 80 




Slcsdy Breaming. SB 


aurfiiceB,gralo. ofbnllm,a3 


StcmnBiigera.(t3 


Sorfacca, boating, of boilers. 10, 


Steam, blowing oil, ?r 




8t*sm, blowing off, nolEO o(. 49 


BnrfaceB. heating, pnelllon of. 1)3 




Surface, heating, lucreulug, 41 


Steam cheete, Inbricatlon In, 13B 




Steam dlitribDtion.g4 


Tallboilen,® 


SlMm, drj, 43, Bl 


Tenant, 144 




Tub ting boilers, 31 


Steam engine catccbism, Cfl 


Tcitlng boiler piMea, 30 


Steam engine indicator, li» 


Testing economy of fuel, T2 


^ Steatniug CJipncity. 43 


Teetlng engines, 107 


Steaming, qnick, 29 


Tciting teed water, 5D 


Steaming, Bteadj, 26 


Teellng lubricaols, 139 


Bteam jet for deattlng boUvr 


Testing power. 148 


tubes, as 


TeilUe machinery, englnee for,« 


Steam, bo(, Bl 


Textile mills, engines for. 101 


Sfeamour9enriuil,17, 


Theaters, engines for, 04 


Slonmpnmpa.ilO 


Throttling enKinOB, Tr, Bl 




Throttle valve, 81, 103 




Throttle valveB, too ludden opni 


faleam irapa. 64 


Ingof.SO 


S[eam.w»tefin.39 


TigbtneB8ofboUerB,4n,41 






Steam, wet, Bl 






Transportation of englnei, 80 


Steam trblaUe, low water alarm. 


Trape, eleam, M 


1 49 


Trneeonrces of profit. 16 


Steel boitetB, 35. 38,10 


Trunk enginca, 79 


Steel bollen, calking laara of. 41 


Try coeks, 45 


Stop, ■afcty, 106 


Tube eipandera, 41 


Stop T»1»B and safety valve com- 


TnbBB. holler, deanlng, 38 _■ 


Maoif. M 


TQli.\\ai\«.i\cra,t\eKo\\vif.,'a ^H 



IBO 


INDEX. 


Tuljular boUera, wroDght 1 
Tarbiaes, IIB 


ran, 


Water-loeelnj! boil" coyerlogs, 




Water, low, S5 






Watet motor., 1S4 


TurblDca, duty of, lir 




Water, orerlieallng, as 
Water povfcr, 113 


Ciidetihot water wheoia. 114 




Water powera, combined, 117 


U. a. Inwi coDceiDliig taletj 


Water power, eoveralng. lie 






Water power, goTBrolng, 117 


n. 8, Kavy, bollera for, 30 




Water apaccB of boilera. 39 
Water wUeela, 114 


VdTM, m 




Water wheel, goaraotee of, 128 


Valves for large engines. Bfl 




Water Wheels (aee Ovonbot. 








Vulvea— boat, Bfl; check. 61, 


OS; 


Turbine, etc.) 


Corlles. SS; eibaoaC, S5i 


plB- 


Wear, cjllnder, S3 


ton, M; ping, es; poppet, 




Wear of main bearings, S3 


r™t,81;Bllde, M,TO,83,84 


.an', 


Wearofpt.tonTalveB.B4 


89, 93. 138; Mifety. 19, SI. 24 


,«, 


Welded boiler Mama, 14 


40; throttle, 85, HI, I(K 




WeldihK.eleclilc, ofbolleraoann. 


V»riablBcDl^ilIeDgln6B.77 










Welding boiler aeama, hydranlic, 


Ventilation, 109 






Vent!1aHnE[aa,71 




Wet .team. 43, Bl 


Vertical cylinder boilere, 80 




Wliat Bleam does lot ns. 17 


Vertical engtnei. T8, sa 




What a boiler shOTld be, la 


Vertical engine, inverted, re 




Wheels, brcaat, 114 
Wheel, fly, IfB 


Waeea, 111, 158 




Wheela, undenhOt, 114 


Wa.Ie.boniing,Br 




Wheel, water, (aee Wstcr-wbeei) 








Waste of Inel, S3, 67 




Whistle, chime, 49 


Waata of power, 187 




Whialle, Bteom, low water atano. 


Water, bad, boilers for. 38 






Water, cui-alatlon of, in boilera. 


Windmill, dnly of, lia 






Windmill, Its 








Water (or holleri', pnre. 57 




Wood a. a f nel, 73 


Waterinateam.as 




Wood boiler covering, S4 


Watorgaopj. gln^B, *. 




Wnol boiler covering, G4 


Water gauge* eitra glaiaea 




Wronghi Iron boilers, M, as 






WronehC iron boilera, calking 


Water leve\, prober position 






■ ". 




SitQugta \isni VONitfiM XwVxim.io. 





Ettnblished In Philodolphiu, 1673. ^H 
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ENGINES, BOILERS, MACHINERY & BIUS 


Designed, Tested, Erected and Improved. 
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JOHN WILEY So SONS, 

NEW YORK, 

PUBLISH THE FOLLOWING WORKS ON 

STEAM AND HEAT ENGINES, 

ETC. 

W.'islmch's Strain Knprines. (Dii Bois) 8vo, cloth. $5 00 

.M.iw's Jhirint' Kn»rin«*s B^olio, half inorocco, 18 00 

Tn iwhrid^e's Stationary Steam Entities 4to, boai*ds* 2 fiO 

Thui-slon's Kiis^ine ami Boiler Trials Svo. cloth, 5 W 

*• Philosophy of the Steam EiiKine . . . l;2iiio, cloth. 75 

*• Stationary Steam Engines 12ino, cloth, 150 

Boiler Explosion l^iiio, cloth. 1 50 

** Kellection on the Motive Power of Heat. 

(Carnoi) 12mo, cloth, 8 00 

'* Steam Boiler C'onstruetion and Operation. 8vo, 

cloth 5 00 

Sinclair's Loconiol ive Enjjriue llnnuing 13mo, cloth, 2 00 

Henicnway's Imlicator Practice 12mo. cloth, 2 00 

I'ray's Indicator I'raeticc New Edition, t<vo, cloth, *J 30 

rfalM><l\"s Salurati'.l St«'ani. etc t>vo. cloth, 100 

Th»M-ns(» Dvnaniics of the Steam Enjrine. ^^vo, 

clotli. .." 5 00 

Konl's IJciler Makini; ISmo, cloth, 1 00 

(;riinsha\vs Steam Engine Catechism. .Part I. l><mo, cloth, 1 00 

..Part II. l.^mo, cloth, 100 
( Parts I. and II.) 1 vol., 

IStiio. cloth 2 00 

Practical Treat is<' on Saw Filing. .. ISmo. cloth. 100 

Pump t'atechism 18mo. cloth, 100 

Eii^^iiit' Kunner's C'alocliism 18mo. cloth, ^00 

Whitliam's St ram Kii^rinr I)esi.:j:n Svo. cloth, 6 00 

(.'onstructive Steam Enjyineeiinj; Svo, cloth, 10 00 

Wood's Tliermo-Dyiiamies 8vo, cliHh, 4 00 

Wilson's Tr.'atis*' on Steam HoiliTs. ( Flat her ). .I'^mo. cloth, 2 M 

IlaMwin's Steam Heatinjr for P.nildinjr^ lOmo, cUnh, U fx) 

Sp!iii}j:l.M-'s Valvo dears Svo. cloth. 2.10 

<M«Mk\s Tho (Ja^ Knjrine limo, clotli. 2 IK* 

t '«»Hmnrs Locomotivt* Kn^rinc«'rinu. 2 \ol.s.. Ito. half moroivo. l."i CH) 

Hoadh'y's Blast Fmiiaee Hvo. clotli, 1 rjO 

lJ«uit;.r«Mi's TlMTmo-l>ynann<*s. (DnlJois) Hvo. cloth, 5 00 



LBRAITH AND HAUGHTON'S 

' SCIENTIFIC MANUALS 

■ Rav. Prof. OALBKAITH, M. A., Fellow of Trinity 
:, Dublin, and the Kev. Prof. StAUQHTON, 
~ ~., D.O.L., 7.II.S. Cloth, Bed SdKBB. 



Tiara XitUlm. p»ri i., cioih. . 

EntriCie .,.. 

id Tidal Onrrenta. ^le Edition, witji Tl 



tPOLTTECHNIO SERIES. 

I Of PiRCtlcsl Eluelraled MinDslB epecisUy prepared for 
a of ilie PolyiEChnic luHlilntr, Regent Suei^t, Landon, 
- BDdBnliableforUieuaBotsliSmdenn. 
lentary ChenilBtry. Fot Science Schoola and Clnsaei, 90.7B 
X'ortjr LeBSOcB in Carpentry. Workebop Piaoiicc. By 
LK5 V. Mitchell. Revised bj Geobbb Campion 

.. - 0.60 

forty Leuona in Enpineerlns;. Worksbop Practice 0.76 

Fractfcat, Plane &nd Solid Oeometry, inrlnillng Qraphlc 
Arlllimeltc, Vol. 1. ELEMEHTinr Stahe. Writlon to 
meet the req. lire men te o[ ihc New SyllBbns of Ihe Science 
Slid Alt Department, Sooih Kenalneton. Bj Prof. Hewht 
J. a. SfooMER, C.E., F.0.8 ., ,, 1.60 

Oamplele Catalesui tentfra lo anj/ Addresi vpon AppHcalioa, 
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GASSELL PUBLISHING COMPANY 

WILL SKXD FUEE BY MAIL TO ANY ADDRESS ON APPLICA- 
TION, TIIKIK DKSC'UIl'TIVK I'ATALOOUK OF ILLUSTRATED 
AND FINE ART BOOKS, JUVENILE AND EDUCATIONAL 
WORKS. 



Architectural Drawing. By H. PiiENNii: Spierb. 
With U culort'd and 15 plain plates. Introduction by 
Wm. K. Ware. I)t*iny 4l(), 06 pp. $5.00. 

Energy and Motion. A Text-book of Elementary 
Mechanics. By William Paice, M.A. 16mo, cloth, 
with Illustrations 75 Cents. 

Physical Science, Intermediate Tezt-book of. By 
F. II. Bowman. D.Sc, F.H.A.S., F.L S. Fellow of the 
Geoloirical, Clienncal, and Koyal Microscopical Societies, 
Straton Prizeman and Gold Medalist in Technology, 
University of Edinburgh. Illustrated. Cloth. 91-50. 

Handrailing and Staircasing. Complete Set of Lines 
for Handrails by *' Square-cut System," and full prac- 
tical instructions for making and fixing Geometrical 
Staircases. By Frank O. Creswell, of the Liverpool 
Scliool of Science ; ^ledalist for Geometry. With up- 
ward of One Hundred Working Dniwmgs. Cloth. 
Fully Illustrated. $1.50. 

Qeometry, First Elements of. Experimental, applied 
to the Measurement of Length, Area, and Volume. By 
Paul Bert, Member of the Institute, Professor to the 
Facidtv of Sciences, Paris. Translated from the French. 
Fully Illustrated. Cloth. 75 Cents. 

Qeometry, Practical Solid, A Manual of. Adapted 
to the Requirements of Military Students and Draughts- 
men. By William Gordon Ross, Major Royal Engi- 
neers. $1.00. 
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MANUALS OF TECHNOLOGY 

KDITEO IJY 

' PROF. AYRTOM, F.R.S., and RICHARD WORHELL. 



Catting Tools. AVorked by Hand and Machine. AVilh 
14 folding plalcs and 51 Vood cuts. IJv Hoijkht II. 
Smith, M.LM.E., Ass. M.LC.K. 1 vol . iVuno. $1.50. 

Design in Textile Fabrics. By Thomas K. Ashkn- 
nuKST. Head Master Textile Depaitnienl Bradford Tccli 
nical College. With 10 colored plates and KJt) designs. 
Glossary and coinpl(;le inflex. 1 vol. S.'iO ]>p., extra 
cloth, $2.00. 

Dyeing of Textile Fabrics. By J. .1. Ih mmki.. K.C.S., 
Professor and Director of the Dyeing Deparlnienl of the 
Yorkshire College. Leeds. Wiih U7 diagrams. 1 vol.. 
16mo, 550 pp.. $2.00. 

I^americal Examples in Practical Mechanics and 
Machine Design. By HoiiKirr (^oimmjn Bi.aink. M.K. 
With an inlrodiiclion bv Prof. John Pkkhy. M.K.. 
D.Sc, F.R.S. Clolh. $1.00. 

Practical Mechanics. By John Pkhiiv. M.K. With 
numerous illustrations. iVol . KJino. elolli, $1.50. 

Spinning Woolen and Worsted. i5«ing a practical 
treatise for the use of all iiersons engaged in these trades. 
By Waltek S. Bhkiht McLakkn. M.A., Worsted Spin- 
ner. With 69 dijigranis. 1 vol., l*2nio, $2.00. 

Steel and Iron. By \V. IL GiiKKWNOon. P.(\S.. Ass. 
M.T.(-.E. A new volume in Cassell's Manuals of Teeh- 
noloiry. Edited bv Prof. Avkton, F. It.S. , and Hkhaui.) 
AVoRMELi., 1) Sc.'M.A. $2.00. 

Watch and Clock Making. Uv I avid (iLASgow, 
Vice-President of the J5ritish l(orologi(?al Institute. 
With 09 . diagrams. 1 vol., lOnio, over 850 pj>. With 
complete index. $2.00. 
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CASSELL'S TECHNICAL MANDALS 

Adapted f«>r Teacli«*rs in Public and Private Schools, for 
Sliidcnfs in Traininir Ci»lle«n*s and Science Classes, for 
use in National and Elementary ScIxhiIh. and for Artisans 
and Sludenls irencndly. llfustraled tlifougliout with 
Drawings and Working Diagrams, etc. 

Applied Mechanics. Hy Prof. R. S. B.vll. LL.D. 
Cloth. $1.00. 

Bricklayers, Drawing for. By E. A. Davidson. 91.50. 

Building Construction, the Elements of. and Architec- 
tural Drawinu:. liy E. A. Davidson. Fifteenth Tftmt- 
Htiud. $1.00. 

Cabinet-Makers, Drawing for. liy E. A. Davidsox. 
$1.50. 

Carpenters and Joiners. Drawing for. By E. A. 
Davidson. Fij'ttn,th Thonmnd. $1.75. 

Qothic Stonework. By E. A. Davidson. $1.50. 

Linear Drawing and Practical Geometry. By E. A. 
Davidson. Ttnnty-fifth Thousand. $1.00. 

Linear Drawing and Projection. The two vols, in 
(me. Cloth, lettered. $1.75. 

Machinists and Engineers, Drawing for. TJiird 
Edition. BvE. A. Davidson. $2.00. 

Metal-plate Workers, Drawing for. By E. A. David- 
S(;N. $1.50. 

Model Drawing. By E. A. Davidbon. $1.50. 

Orthographical and Isometrical Projection. By E. 

A. Davidson. Kiyhtunth Thofmmd, lierifted and En- 
larfjed. $1.00. 
Practical Perspective. HiM Edition. By E. A. 
Davidson. $1.50. 

Stonemasons, Drawing for. By E. A. Davidson. 

(noth. $1.50. 
Systematic Drawing and Shading. By Charles 

Ryan. EiffJith T/iottsnnd. $1.00. 
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